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IN I ’ H O D t t  I’IUN

I. SOUl) S 1’AI’E 1)EVI(’E RESEA HCII

A gap-coupled InSb ‘I,iNb(,) 1 acoustoelectric convolver has been operated at 77 K

~e itt, an efficiency of ‘ I dfl n’u. l’his result suggests the possibility of using a
high—density lnSb—dtotle—ar rav ‘I .i NbO~ stru cture as an acou sticall y scanned liu fr a—

red imaging dev ice ’ .

i. ‘.1 laser operation w ith an omission wavelength of 2.70 ~j m has been at ’ Iuie ’v ecl at

12 K in opt ically pumped liquid-p hase epitaxially grown lIg0~~~7Cd0 4 4 3  ic. Also .

- S pulsed laser at ’tto ii has been observed at 77 K upon optically pumping var ious
Ilgt cI I’e I.PE samples with a Q—sw itched Nd•VA G laser. l’he stimulated emission
wavelengt h varied from 1.25 ~~ 2. Q7 ~inl as t he mole fraction of Cd Vt’ changed from

0.72” to 0.410.

II. Q I AN 1’ I’M l-~ I ,t:v . 
‘ I’Ri. ~NR’S

/t self—contained . h and—he ld NJ) ‘5 ()~ 4 laser has been fabricated. l’he laser head
as Sc in hi of flash lamp, laser rod, and pump radiation collector has a volume of
.5 cm 3. W it hout optimization, this  unit presently provides 1000 laser shots of

0. S in.) at 1.06 ~im between battt’rv e’harginga.

A mini— I’E.’~ (‘0, lasci’ has been operated with a “t hree—mirror ” gra t ing—tuned
cav i t y  and single—line tunability obtained in both the I 0.(~ — and 0,4 —~cm branc hes.
l’he mini — I’I’ .A last’ r has also achieved arc—free operation at pulse repetition f ne—
in’ lit ’ U’s U~ to 2 ‘~0 liz ~ne1 an a v crage’ output powe’ r of t .(’ \V .

Au ef fort is under way to efficiently extract energy from the metastable levels of
the ,ner~’ut’r (‘Xc nuer. Experiments have been conducted which measure the wave-
lengt h. temperature , and density dependencies of infrared — last’ r — i  nduced enhance-
ment of the oxcinier fluorescence h eal’ t~0 un,.

L’he recenti’. developed GaAs Schottky -d ode mixer has been used to generate tun-
able (‘W far — inf ru red radiation. I )emonst ration of high— resolution spectrose’opy
using this source’ has beeii made on 1)20.

Fhe time scale of intramolecular vibrational energy transfer has important conse-
qu ences for bond -selective infrared photoc hemistry. Measurements of the i’ 3 -band
absorption of (‘0,-laser-exc ited SF( have been carried out at fluences up to
1 .1 -‘cm”. A i’edistnibution of the vibrational energy takes place on a several—
microsecond time scale . Independent of SF6 pressure.

l’he (‘0
2 l ’EA— la ser induced dissociation of silane has beeni studied in order to

I niprove the understanding of mult ip hoton excitation processes in unin~olecula r
photo chemis try . In contra st to SF’6, dissociation 01’ Si ll 4 requires pressures of a
few i’orr and Is ae’com panled by visible lum inescen ce from atomic and molecular
hydrogen.
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Ill. MA l’l-:HlAl.S RESEA II(’ II

Rt ’sist iv it v and I tall c -ot ’ t f i  c - nut  nieas uu’ eunt ’nts have tn’en made tin u1t1uu1 e~ i’ocus Ii —tvp ’
lundoped. Sn— ic~pe ’~i) . p—type .~i i— ~lc)~)i’c1 , ( cl—doped), anti St’ll)i — t i isii lat iuig i i ’  — ‘ Icipeci
In 1’ si ~ it ’ c rystals grow ii h~- the liquid — et ic apsu lated ( ‘ z o - hralski method to pro—
nit’ substrates for ep itax ial growth of (ja lnAsi’ a lloys for infrared diode lasers

and detectors. L”or the Ic—dope d sample with lowest room—temperature carrier
c ont ent ratini, in 1.2 \ IO~ cm the room —tem pel ’atu re reshst i ’, i ts ’ and I t ail 11)0 —

bi litv a re’ I .t’ 1O~ 11 -e ’m and 3 .3 ~ IO~ cm” V t sc ’c 
_ 1  

l’t ’s lS’ c ’ t t v e ’ iy . and t u e  act i-
ation e’n ’u ’gv determined by measuring t he ’  h all coef f ic ient  as a function of teni —

perature is 0.65 eV.

In a study of the liquid — phase epitaxi ai growth of (:i in A:: lave rs on In)’ substrates ,

the liquidus compositions and temperatures have beeu~ determ ined for deposition of
the latt ice—matched alloy Ga 0 47 111

0 ~ 
As . a material of interest for iuif i’ared diode

lasers . phiotodiodes . :iuici photocathodes. I’o obtain this alloy with a giveni A~ con—
e’ehitrat ioul in the g non lb solution , the Ga c o! c e ’fli u’atioii in l i t ’ solution and the liq —
undus temperature must txflh by higher for (111111 substrate’s than t’or 1 1001 s u b—
sti’ates at growt h temperatures below t O O  ~~~

‘.

IV.  t’.Il(’ HOE I,E(’I’UONI( ’S

Silicon bolometers etche-’d from single—crystal silicon wafers are being developed

for use as bi’oadband detectors in the 1— to 30—em ” band. Fij e first detectors
S . . — 1 4  . I~~~2 , ,have noise’ equiva lent pow-eu’s of a te ’w times 10 Vc , liz wit h single time con-

stants of a few mi lliseconds , compared wit h a design goal of 2 \ tO ~~~~~~ W I)
w ith, a 1/ 10— sec time constant.

-‘i packaging tee hnique for a SAW ‘C(’I) buffe r memory cie ’vi c’e’ has been developed
whit’ Ii allows mating the silicon chip with its samp ling fingers and (‘C I) st u’uctu re
to a lithium niobate d elay line.

(‘ lie’ fi rst two—c hip arrays of 100— ‘~ 400—e lement (‘Cl) imaging devices have been
fabricated for the GEOI)SS Program and will be used to test the optical moving
ta u’ge’t indicator ( M’l’l 3 system for automatic’ satell ite detection. Recent tests on
the 100— ‘~ 400—e lement CCI) chips h ave shown that the measured dark current has
been made as low as t’ nA ~t ’ni” over t he entire dcv ice ’.

Matched filtering has been performed with a prototype device consisting of two

1-bit . .32-ta p CCI) programmable transversal filter sections which are capable of
pe rforming correlation of analog-samp led data with a binary referenc e. l’he pro-
gramm able binary reference code of these devices is store,! i l l  an on-chip. sei’ial-
in para llel—out ti— MOS static shift register.

A processing sequence for t he fabrication of two-p hase , bur ied-channel (‘ ( ‘1)8 has
been deve loped wh ic h is compat ible with the fabrication of n— MOS1” E’l’ s having high
punch-through voltages and low back-gate-bias effects.

viii
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i c t  pr~idttc’ e~ uniform aligtutnet i t  ut t he di i’ec’to r in nv’n,atic and snie~ct i  ~- liquid—
r~ s t: t l  hive’ u’s , 12 0— unt  s patial—period M ciii:, u t ’ — w  :1~ e’ gratings fabz ’ie’ate’ d on amor-

phous Sit ) , subst ‘ales we i t’  used. I’hts detiionstrate s that molec ular ali gnment
,a,, h, :1, hne ’v t ’d usluig surfa c e st’’ t lc - tu t ’t ’s fabricat ed by a planar proc ess. A novel
iiue’thoch of ’ produc t h g  twIsted — ,i,’:nat it’ Iiq t~icl — - u’ysta l displays using sut ’ fac ’ t ’ g rat i ig s

hu:is been cle’ii o ist u-ate ,d.

\ .  St R i - At. h- :— \ ~ A V l ~ i i - ~~~ilN0I 0G Y

A ft lie’ i’ has bee ’i ,it ’v t ’ iop~’c l w host’ bai dw iddi can be c ’o ri t iti uou sl y v a me’ ,! Ove r a
t a g e ’ from I to 100 ~l l i z  by c’harugiiig the f t ’ t ’qcut ’ c -v  of a ( ‘~‘. control signal. j u t s
i t  Itt ’ntnig syste m ex p lo~t~ the t ’’c t r t ’ nc e ’ iv sharp skirts - - to  — -40 dli in 3 . 5  ‘t I l l -i )

achievable with u’ef lec’tive’ —a r r av  —com pressor RAi. - I d e v i c e ’ s .  Amp litude response .
pluz lse ’ response , out— ci t —band t’e~eet ion, anei dynamic range ot’ the filter system
ha ., e ’ bt’e’n ui ieasi it ’ t - ,i.

A spt ’c ta luz i ’~i asst ’t nblv proc edure huts been de veloped for gap —coup led acousto—
electr ic c i e v t c t ’ s  consisting of a l,iNb( ’3 de lay h u e  and a silicon strip sepa rated b~’
an uhite ’ rven itug a m ’  gap. A ir gaps of t h e  order of 0 .2 to 0.6 ~tm can be accura tely
,i!it :tiit ’d and he lei uniform to within ~~O .O2  pm nyc ’ r length s as large as 7 cm. l’he

p ri Ic ,‘ t c  re ’ a,’ lii eve ’s  this goal by maintaining ext ren,e clean Ii ness w h u e  employing
Mpe’c ta lu it ’d mountings auuci j igs for accurately assembling the separate parts.

A n e ’tuor\ —c -ou’re’lato r subsystem w ith a bandwidth of t O  MHz and correlation length
of ~ p5cc has bee n cle~ elop ed. I’he k e y  element of the subs - e m  is an iniproved
ae ’ o ustctt ’ ie, ’tu ’ i , ’ menuorv corre lator which functions as a pr matched
fi lter. Improvements include the use of a spacer-rai l  sup port ~. control
transverse modes , the use of multistrip coup lers to reduce spur i~ c -wave
signa ls , and the use of a balanced t r ans fo rmer  feed to reduce dlrr ,tI feed - I -
t hrough. l’he required interface ’s , drive ciccuits . and output circu its have been

developed and i nc’orporated in the memory — c ’orre lator subsystem.
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1 s - t ’ ,’ l , , s s t ci : i  i’ s- , ‘~~1 s - , ’ i ’ l l t I t ’it is s - l s - . u i t g  lu Sh h i i s -  i’ i t , ’ t ’ it h l , ’ ) ’ I I t i ’ ( I t ( c I  i s - ’  t i c ’ t s - s - . s t i s -. t  u , i l i s -  I II;II ,,ti a s - i .  ~.i i s - - i s - s - s - S

t s - ’ , ’ I t ’ s- t i ’ i t ’ s - s -s - t i ,  s - , l t i i I s - s - t i  s- ’ I I Ic ’h i ’Iis ’ s -, s ’ :ilI I s - , ’ ii Iii et c’s - i ii Is -s s - s i t u  ti gti~i — c ’itii~tli’tI its-S it I *\ t s - t  s l i t s - i

t i l t ’ , ’ . ‘Ii, r f t , s - t s - ’ i i s - s- , ‘i i s - i  tiIl u n lii’ . I s - , ’ , ’n , s- t s - i : t i i i t ’ t I ,

i’ s- s - c  Ihii’~ t ’ .“ c 1 i1 ’ t ’ h i ( s - t s - i l t i i  I “ intl - I is - ie ’h It t is’ -~- s - t I t c , ’n t i ’ ls- IIii I, is - i s  i’ , ’ iii I ‘ i ci t I 
t ’ i h l  
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.

u , ‘s i t s -  ‘ ,‘ l t s - ’ ‘I, ‘s - t ’ s- s- li,,” Is -  s- i t s- i  l u~~s- ’ iI i—s - h I l l s - I i’ s- c s - i t s - I ’ ,’ ~~t ’ s-~~’ t ’ s-~ s - . , s - t h  I s - ’ l, t . s - d t s -  i i i ’ liii’ stc u iI;i s - , ’ ’ ., Ihtci

t hs - u ’ -‘~ s-i ’,s- h it ,is slii’I,i,’ t ’ ps - t hu ’ t i I s - a I  ci t o  iic’uii’ I l t i t  Is-~ nil, I’ hi is I s - i s - i s I s -  h i t s - I t s- s-i t s - i  is- ,’t ’ t ’ ss - . t i t ’ s si ’ ( Is - a t  I l l s -
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t ’ . luigi ’ t i  i’i i l i ’ t , t s -  ~‘ 1,ttt i ’ , i l i , Is. s - s - s - t ’ ’ s- ’s~ s- s- s- i i s - h i i t g  i t ’  1 t h ,s - 1s - l i ’ i i ’ c l  s i t t ’ t : i s - c’ s - i , ’ . - l i t , ’  i’ciis - gu ’ s- s - t  liii ’ I t t i t I t t ’~’ m

c s - t h I s -  , s l t t t t s - ’ i s  i ’ t l t s - ’ t , ’ t t s - s I ,‘ s- ’ i l lci i t s - ’ t s - c ’ t ’ s - , s - , t’ll I s - ’s l s - t : i s - c i t i ,~ t i c t ’ lu Sh I c1”s I s - c  s-~ s~ t ’ cic ’ I l t t ’ .’ . s - I l  t h i s - ’ h t , ’ s -I s -

‘~ I i i ’ t . t s - ,
~ i t i t t ’ s- i s - I l l s -  Is - i  I t i s- is - t I s -  a, ’ t ’ t t t s - i t i l t i l i s- il s- s - i ’  ~t i , , ‘ t ’ I i ’ c I , .l Is - s -s- s d ’ , s - u l s - s - i l i t t  Is - Ill t ’ I f i c ’ t i ’ t l i s s-s Ill I’,’

s - I s - t i iI it ’tl dii,’ I s - ’ ~.s - ’ i’et ’ t s - i icg its - t i  cII e’i i It tcti tMl i~I l i c ~ t~, - I i ii. ’ Its-SI’ s- .~c ii t I s - lc ~s s-s s - t o  t t i t i t a l l y  I s - I s  s- s - , ’ s - ,
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s-s i’ t ’ ,s - 1s - ,5 ~ s a tUs-al i s - s  81 u’t~qs - i is - g t I l t ’ i t t s - s - d i~ ’ s- s - \ i c l ( s -  s - i ’ i t h i  ! ‘ i t l ’I’ e ’t ’ i ’ s - i  I I I” , i ’ i I s - scs - lg t I s - I s - I  s-vale t’

: uis - th a I s - s -s - I , ’ ) , h Is - l i  ih s - e i s -  O, ’ s- 1 t s - t ’ti i t : t l  lv th * ’~ s- s ’ s i  ‘ I  iig I Ililil - \  s - s - I  i s -s  i’t ’ ls - t i c ’ ls - hs - dts ls - i i c is ih it ’ tili’ g lans - i  I s- i-i l

- ( ‘ . i i ts - h it s- I s - is - \ i ’ t ~ i - i ls- i l I i t ’i’ t ’s- l si t s - ,, h i u s- t a t l s  s- s - I  t i n ’ i t s - t t t~~l ps- ’ s- s- t ’ t s - n t . i u s - t  tiis - tt iii.’ t is - sc t l : i I ,s - i ’  s - I u s - ) t s- s -O s-

i t s - i t ) h It ’ ! ’ ~ ts - i s - t I  Ill h o t ’s. .‘ s i tu t  C , i’ .n’~ s - t ’ s ’ t t s -  t ’ I s -s- . I i s u s- ro s- s - I  - ‘ c s - i  ati,l i’l, u s- t t s it  I cs-Oil \ t h i t ~ ’ is , s- i t ’ t ’ ~

ses - p ’ is - nt l i l ly  ,‘ht’~ I t’ s ipbctusl t ill (is - c ’  I ’ t t s - ’I~ ~. nit ’ el ( Is - a ’ s i l ls - l hs - le .  h. t ts -~s- l Is Clii ’ s - s - s l i t ’  s- s -as . t t s - s -  cci Is - ’

i s - i s -  1 ) 1 1 1  W ichilts 5~ t ( t i’ t s - ( I t’ t i , ’ Is - s - I ’  Is - I s - s - I l l s - i  t u g  in lit,’ cc ’ Is - 5 s- ’ Is~ ci’ (s - h I c I s i I t t ’ s - i

l Ici ’ ~iiSI’ s t t u ’ l s s ’ ,s- hs -s- i t eu s - i  I t )  s-s- t’i u s - ,  t l i t a tec i  I s - s -c ii iiilstus -g I,’ \ t s - I , ’ t s - i l i l ’ t ’ l \ l i ’ i I I s - i s- Ill )‘clIS ci t ’s- t c s - s- t s- .

l’I,,’s. e ,h , ’s - l I t ’ s-i s - vi ’ u’ u’ Is i l s - t s - l i’ti I s - s  I , l .t t i lc ’uit i s - i  i ) ’ s - s - i s -t c l  t u g  All t u i~i c ’ c s - t i i i i s - t s  ihii ’ t s - i i g hi t i t s - o s- is  , s -s -  Is- i’ Cit .’

S I t s - , s - n t ’ i h s - ’ t ’ , \It ’ isti i’ t ’ ts - l t ’ i i t s - c  s - c , ’ t ’ .s- t i1 1 i t i . s- Is -s -  i s - t ’ s- s - i s - I t , g  ii ‘s-I l ls- ha l l ;  itlich .‘ ‘ l’s-,, ‘c I, ’ \ lilu il is t u ’ a

s - i t ’s- I, ’ . ’ t s - ’ i’ iii,’i i It ’ s t i i i  (iii’ . s t l i e  s-s ; i t t s - i’ t l t , t I  s- s- t O s - s - Id .’cl t~ ’l’ t i t i ’ s- ’ s- s - u i , c i l l t i  i t s - I l  tn, ’ ss - ’ s - i  i’ , ’ i s - s - i’ t t t ~ is-i s l i t s - s - t i c

iii i I ’ ~ I I ,  I” i’ t ’ i i i  Cii i ’  s- ’ ;iii ’c u i i l i s- cI t bit lt~ iic i s ’ii lt sd ’ It a l ic . ’ . s - I  Chi c ’ t i c ’s - I s - o , a i’l~ l It~ iiti ‘s- s s - I (a g e is-I

I - 2 ’ \ ivan i’s i ius - i t i l i ’s- i . ii s - d t c t t l i i i g  t ic t i l  Cii i’ s - c m t u ’ f t u s - - ,’ to i s- ’ s- ’ t t t s - c i t l~it i ’ il it .‘ u s - c t ’ I s - c i a

i” s- ’ t ’  i u s - tt s- i - i ts ’OI t ’ i I i’ t u ’ u l l t s - i i 1 c l l s - ’I’i i l ( ’ t l I id  - uu is - tu Sh ni u’tp — 1 , 4  c s - I s - I  it iuig w is - i  i is - t h i i t icc I’t’licl,’tl Is - ’ a

Is-, i l l s - i s - i l l  s - c l  i’ i it toil c ’ -.oeicih .h , ’t I  i g t u l i l s - c i  :1 I I Nii ct , .hti~ h its - c thi~ii Is-~ cl ,i ~s-seiit itii’aiutic ’iti ii’ t a ’ s- s- s - I

It ’ l l i ’ (ci s - i ’d ‘‘ -
~ t i  diiiu ic Iiu ’sis t i s -  tui~ ius-taiIl 1 I 50(1 ‘c gil ls- hit ’ Iwec’ i i ( lii’ tu Sh ~us-ti I , N i s - e  s- i l l  t ’ i i i s - i’5.

()i’ iuiti~ , t f  I t s - c tOs -d u ’ t t i l s - i ’ s  i t t ’ s - s - u’ i’dii t’ i’ anti s - t i’ lb.’ ,‘ s- ’ns -. s - s - I ’ s i’r ~i~lt ’is igc ’ l i i , gut - i’ll iii h i t s -i  - ‘I ilid II

S. ’ , V ~~ ~~ ~~~~ I’ is - l ’ s - ’ u ’ i  lii t s - l~~h(Ii’ (o tli.l~is -(~ifl~ liii’ 1~~i 1 s - l l l i i i t i l ’ i s - l i t \  il I’~, 
( hi,’ Iii ’ s i s - i ’  s- s- I R I’\

t ’ I I i ’ It i ’ t ’  I l s - s -t : i i u s - h is - i ’ls-y i’i’Ii t h e  Ixaptuill i i t s -h  C l i i ’ s j s- t ’ i l ig  t s- c ’ I i lp t s - t l i ’ l l iS! tised Is - it ’ l’ s- ’ s - s - t I s -  l, ’til )s-.’uas - Ilti ’i’

i i i t s - i i$lil ’Cis -li’lIIi-i Wuls t’ t ’ h s - l . t s ’ t ’ iI I~s i c lot h Ni i ’ l hs - . A h s s - s- . in’s- ’ Is - ’ i ’ tut’ t ’ is -nhs-i ’e’ ias-u ’ s  s-s_ i’s -’ ,’ iis,’ct ititl ( Is - i ’

pack uuj~.’ s-i- us ~ ‘ t i  t’geii ulls-t i i s - u tu  - ha fill i’d s-i ills- hs - i ’ I iii is- i Ii’ u s- h i ii i It t ’ is - i s- Cl i’s-is ult i t s- l i  (li i I is- cs-tI  Id til ls-eu ’s-v u se

s - s - i’Ui’ till C hit ’ i i i I i i t  h u t ’  sit i ’ Iila ’ i’ at  i’ Is-s.

I’ hs - o t i l l  i s- ’ I , t t  ion eflt,’i,’ ic s - ’, I’ i ll ,1 i l s - t4C l ’ t i t i l i  lt s-14 5 I s - i - i s -u ’.’ lili ’ils,Iu’ecl s-s ilhi i1 tt.iIii ’ sc t l’ I it ’ ,’

,n ,Oiu’i t uc s v u ~ i i - llert’ . i’ ( i s -  log II’ h ’~ I’ , I , s - i - here  I’
~ 

is Os-c cot s -s - cs - l ot l s - ’ l s -  output sugt s -~s- l

s-i
‘S

~ 

-



-
~~~ ~~~~~~~ 

-‘-U-  -
- 

— - - .
~~~~

- 

~~~~~~~~~~~~~~~ 
‘ ‘

l i t  ~~~ 
Ll~ 

h i  I it s- I l l  

\I~ ~~~~~ 

p 1 I ii is

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

5,i’itAsIt s - s -’O

1
, S51 1 1 1lit • l4$3s-iIIl Is-

- i
t~s- 4 ~~~ 1,1’s- Si t

~~ r~ MIti

H

s - s -c,

(0)

I I I I l_  -

s-~~ss- k~~s- as- is- is- ‘i s’ Iti ~~’ 5%~ ‘ 55’

s-tX TACIt s ’u

1- 1g. I 2 .  lii ‘ , ‘ i s - v s - ’ h t i I t s - ’ i c  ,‘I’t i t ’ h i ’ ts - u ’v anti i l ,1 t l s , ’ r l , s - ’ uc b’s- . ’, s - s  t ’ t , ~~.
f us - u ’ InSIc I i1’s- Is- is- ’i~ t ’c s - i s - s - ’ti ls-’ t ’ u’ u i  2 2  h’s .  N,’~t u I I s -  ,‘ 5 s - ’ h t t t ~i’s s - s -s - t i , ’”
( is-  ic ’ t ’ l I l s - l I i  I s - I  t , ’ tc h ’ t u s i ’o ,

4,

— — ~~~~~~~~~~~~~~~ -



)‘s- ’s - s - u’u .cts -~i i’~ .ini  h ’~~~, Ic_ i ’ t i,’ ’ ’ Ii’ s - i l l  i’ s- ’~s-~ ’~ ‘ , t i s - I s - ) I t ’s - I  i s - s - I l,,’ i s - a s ’ t I l l ’ s - l i  s - i  i s - s - - I s - ’ ’ , - - ‘ c l ’.’ ,

i I c 1 I s - i’ s - I ’ I 
I’ ~,s- s- s-s h t u ’i’ ,’ h~~ I’. iii, ’ i 5 s- ’di i ’l ,i 1 s - 1 s t l ,’s i is - ’ ‘ii.’ I t , i s - s - -.s - Is - l, - ,’t il l , ) I ’  I’. h i t ’ ili t ui c il i l ‘ ‘I

¶ 1 1 1 1  ) ‘ . ‘ ds - i ’ i  l’\ ( I i,li’ sI t i - s- s - i l l  Iii,’ s ’ t i t u ’I I s -  i s - i - h i5 s t  i I l i ’ t  liii’ S i s - ’s - s - n h i t ’ s - s- I s - u ’  l t . i - . I i , t s - i ’ i - - ., ’ s - I  liii’ I,’ s - s - 1’ ’ it

s - s - i  tin’ I,,”t ’ I t \ I s - c  i~ ,.li s i , t i s - , , ’ \ s -  i u t ’ . t l s -  I s - I l l - .,’ lt ’ l l g h i i ’ . ‘‘I -I I’” I s - s - l i i l i ’.t i . i I’li’ I s - ’ f l i t’  i s ’ s - i ’. I t s -

I t , i l t ’ c t i  i t i s - i , ’  s- il I itt ’ - , , ii I l ls - Ie I  s- s o t t ’ 11 . 1 . 1 . \l,’ i ’’ s - s - t ,’ ’ s - s - u’ lt i ’ ’ s-s ,‘~~‘,‘ nt i s-i, ’ h s-d hi t ’t i l it ’ i t , s - i u  i’t  I s - I S S  s- cill igu ’ s-i

1 1cc l u u t , ,  s- i ts - ,  .i~ s-~ ’ i i s - s - I  i s - ’ ill,’ s . f  i ’ s - s - s - i s - , , ’ I ’ t ’ I s - s -  ‘‘I’ll lit, ’ s - s s - i l s -  ‘ ls - - c’r i’t l i1iI)i (‘ s- s - t I I t ’. , lilt’ ( l l i ’ Is -  h s -~ is- I5 s - . s- ui

I t s tl u s - s - I  l i t .’ I l\ I’I il’ s- s -s - i l l ,1 I s - t ill,’ \I. ’,.I (‘S ‘ 1.1 i s - i .t .t . ,‘ tt t I  s- I t  liii’ ili ’ itItt”t I s- s s- s - l l s t ( t i ’  s-i l ,. ,ii’,,hu lt i ’ ,i t i I s - ’ i . s - .

lit,’ . 5 s - n i h  I I s - t , }t  I s - M s - i  I, ~ it ,h liii ’ i l l  I i )’ - ‘cl t s - ’ s- s - t t c i,’ tcs -~,i’u’ aii t u’ t’, h- liii u lh l i i t  ,ht l, l  i .~‘l i iU.

i ii.’ ’.,’ t I s - s t ’ ,, s - i t ’ l l ’ I t t c I t ’~ t t ’ t t i i i ’It t ‘‘I I s - t i , .  I s - , ’, i l l s - i ’ s- s- I lit,’ hs - ugi t  till u’liI,’. i s -  s- s - t ’ t ’  t u ’ i ’ c l r .t is i t ’t ’ s - s - I’ l t t i - h ’  sil

I’ s-s - I l l s -  I,’IlI I ’ t’ i I I s - i I t ’ l i l
t 

s I ‘ I l 1~ - I s - I  
1 s- I’lit . s- , i I t , u t t s - t ll s- s - I  I 511,1 I s - s - tIl l I s - t i , .  at  ~~ I, is s - ch s - , ’s - ,- it

i t t  I s - s ’ s I .‘ s - t l  i t s - s - I  s- Is- I . l I t , ’ s - s - l u _ c s - s -  - s - a s s - I s - i ’, s-s u ’ i ’ t ’ t i t s i t hi’ Its sclhiiitt ’l ’gluug l i t , ’ t ’ s - ’ l s - \- t i l t , ’ t ’  itt I i t ~ t i t , I  \ , -

I - . s - i ’  i s - t ’s , u t i c  t ’ I s - l i , . . t h i t ’ ,,ii l ’I t s - ,’ is - h , ,  s - s - I s - l t l l s c l s -’,I s i l ts - I. t s - . ss - lls - s - s - SiI III i” Ig. I .‘i.t I , I” is t’ t ’ I t t t V u ’ l ~ h iss -’

‘ 1 1  tll ’~l it I  ‘s- s - s - s - I t ’ th ts t l  t I l t ’ 5 s ’ I t t ,_ u ’ )s - s- s - t . I V I I S  iS I t ’ s -  u ’ s - ’ . t ’u h i i ’ s- s- s - s - i  lIt~il ‘‘I ti tt’ ( \ s - s - l ,’ l,.l s - I ’ u ’i s - l t ’t (t:. ui s - t t’

- I is - ’ C i t e  ) t c ts - i s s l g i ’ I s - I ts-i i i ’ I ’ ~t l l ~ : s - ’ u I la ’lt I. ‘ c s -  \ l s - u ’ i s s - s - s - s u ’i. I ’ s - ’ s -~~ 1 s - s - I’ lil t’ l itSi s- I i l l i ’ t I s - u ’ I l I , . I  t 1 s - 1 s - l ’ s -s t. III ’s.

Il _ t I  Is - ,tiiii Is - s - i t rid i cl shi t c i  (Ilt ’Ii I’,’s- s -’ l s - s - u ’s-. ii t ’i’I,’t u ’s - I - I ii,’ s - I t  I i i  ,‘ll, 5 t I c. ’ ‘ i t  a s - ’,. I s -u t ) .  Ill c :tI ~‘ I til t iii

ti ll’ ‘t i s - i l1s- s-i , til l lIIr’iI ii.’c u ’ ,’ i,.,’ . s-s t i h i  I i  I s - u I ’  i s - I t s - u ’ s - i Is - , thin’ s - s - i l ia c ,’ I s - i ’, d ’ i s - s - ,’,i iii,, ’t’I,’s - i ,  l ii,’

It l .’c, ’ t ’  I t s - I s  I s - ’ s - c , .  i s - i  .l i s -~s-i II Il l I lit .  I ‘ s - I s -  ,tnil iu l c ht lu hu ’ I. lii. ’ I” s - i l l Is- s -s - s- i s- ’ I lilt’ I ,Mit c h ,~l t s  t i le.  I

i’t ’ i , i t t s -  u k  s s - s- t t n l ~ t i l t  t I  .‘,‘ s - I ll t , ’i ,tc , t l l s - i l l I I I  s ’ s - i l  i’ s - i ’ s - s - ’: - l Is ts - i  a 1 s -~ ’~~ 5 t l i ’ t t I ’  fI:iI I’ ilil c l , t I l , ’i I ci t ’ t ’ i ’ t ’ t s - . u~’.
t s - . t ’ ’.s - ’ s t l l  il ls- t ’ l ’ s - . I s - ’il I’t :I,,t ’ :, tit i h i l l s - I l ls  ill, I t ’ u s - . , ’s - . t i_ S i l l  I s - s -u ’  I i l ’ i tu ’ t l l s - t ’ l s - h i , i t I  l s - l s i t c , ’ s- -s ,

i s - ’ , l I s - . d l s - s - . s - i  II,, ’ 1001111 ’. - I s - s - s -s -u s -  l i t  I Id : ’  I .: , ii is s - s - ,’.t ’l’,t l ( ts - t ’ i ’ u t st c ic’t’ liii ’ Ii ’OO u ’ Iit’ s- ’I~. l’ t t ’ ,. i .  i ho ’

,lt’i,I t t t ’ i t  s- ’t  I s- i- t t l t  t s - t t s - .  , tIl )‘ l ’i’Is l I s - l %  i s -u ’ st h ( l l l ’ l l I u ’ul ( S i  I i ’ t l s - , , s - C’t ’ s- .t ’ u t t t s - i h i i t g  ~ itt i ,s, ’ :s- hi ,’ u ’ ic t , ’ i’ll,’, is - .

is - . a ,‘ It  s,. s - h I l l _ t i ’’ . itt l ice s - , Ill ’ I ti u ’ I- u ’- .l s - .tI s - It , . 5
, ,

. ( ‘ t li ’ s - l l s h l Is- s- i l ls tf l t i t,’ sc lt ’ ( is -us - i Cc ii’ tii ’ u ’I i l I i l l l tlt i s - t I

h u t  u l ” ~ ’ t , ’ i i s ’i s I s - t i , , . Is- s - ’ ’ ,’ . ‘,IIs s - s - i l s - l  It,’ ls - s -’s ’ II i ’ l i s I s- ’ ‘.i t l i ’,’ iii, ’ (Is-SI’ h i t i s - c  2 ’  i~ i’ i’ s - i l I s i i ’i i I \  2 1 1 1l~ I 11 i ll s-

i ll,’ ‘2’ ,l li s- ’ ’a s - t ’ ’ .,’ Is ’’.’. s - s - is - i i ’  t I , ,t i i , ’l’ IIs - , ’ I I \ I s - d  s- si rius- s-c’ luui~ i ion :ic ’,’cu iui ci I~i i tu t t s -  I s - t t s - u~~. Is - . h t t ’ s- lhs - s i t s - l S

s- l i, ’ ii ’ s - s - s , s- t h i u s - 2  . , t s - , I  .s - i l t u I I l l s  ~ t l t ~i~ii, 
‘ 

i s . s - s -’d t i l t ’s - I s -vul ii th it’ l s - ’stc l t c t g  ‘t i  lil t ’ i ts - i l  t ’ t t ’ iti’tI I t~\i’t s-
1 )t s- ’ .ts - .

l ’s  t iir lu St ’ . hI s - i ) s - I t’ . i’lii’ I s - t ’ i ) ~ lii I n e l l ’  t l~ tt h ’ti l t u h Slid It s  ,h i ’c i ’ t’ lii, ’ i s - s - u ’  cli ’i’I.’ t t s - ’ui I s - u s t s , ’s- . t l~~t , Is -i ’

_ i i t i t I ’ t l l t ’ , i I, ’ s - s - ’ ., I s - i s - 5 ’ i ’ l l ’ s -  Is - . ilt ’)’,’ Is - s - t. ’t lI s- Ill t ic,’  ,‘ t t t ’s- ’ lt ,  t ’ l_ : I)t s - S h I l l s - .  l’IIi ’ IIls - i’ i’SOi ’ Ill I 5’. Ciii’ l i t ’

I i,  t’ I’ s - O ‘ ‘ 5 ’ s - u ’’. ill’. t ’ It . ’iI I u u ’ - ‘c ‘.1. l ’ ’1 1 d s- \ 1 is- i I s -i’ s- s - t ’~I I s - ls iii ,’ I n  it ig u ’ s - i s -s- u ’ d s- I~ it )‘O t is ill u’ t I s - c t iuu i ’ b r  Is - ’

ii , ‘I s- s-’i ,s -u ’l i ’, I i l,  Is - s -s - . ’.~ I III,. 110 11* s- ’t’u ’it i ’S It t ’t ’ it l l s - i l ’ :l,’s- s - l I , i f s - ,s- ’t t ’d ’Ii ’ I d ’ I s - s - s- t i I s - i l 5 s - l \ I l s - s - i l s - s - l  i s - ’ u’ 1 s- t hu ie
s - I l , s- s- I l , ’ , s - - c ’ . l s -  i t u ’ I’rtw eels- lIclil (in’ 1 c i t ’ i i Ic ’ (c ’ ,l su ns-i I’s - s - I l ,  tci ,  u ’u’ I , ’s- I t s t i  t~t ’ts~,s-

1

l’ s-~ i i s -  5 i t s - s -s -Is et I di 1 1 1 1  I s - i a s - .  Is - i  s - b i l l i e  , . t i c i t l t i ’  Is - ’ 11151 s- s - I s - s - c u’i’s e,l Is - ’ u ’  St tIC i’s - s - h id (i’t s-ipi’u’tut i t i ’ u ’

.111,1 1$ i l l s  s - I ’  i i i’ ) , ’ I. ’ i l l.tt l s - t ’,. Ill l’ t ’ t i s - . . ( t V t i2 ’  s - s - ’ i ( Is - hit ~ s- i l ic’uut’ (hut ’ s - s ,  lillt ’t i i s - c l ihu ’Is- s - i ’  ,sI It ’ f tc ,’ h i t ’

..t, u- I  i, t ’ . h l i ’ ht ’  I i ’ll, t ’ i l I l ’ l l l h s - ’ us - Is - . l~ i t ’ c i ’  i s - s- u’ :t ,’ , t l i c i lt I~iI lt i tt  h ’ s - us-st ’s t t t c i  I’ ’ , s- s- ’i s-ia ’h i Is - i  I l l s-  Of ’ s - i ! ’  Is p u s - s-

ill ,’ t s - . ’i I, ’ liii’ ‘ ‘ i s - s i t u ’ ‘s- i lit.’ t ’s - ’ i lc ’ t’ii( I’~lt t s - ’It , Is - .  it’ii’ , ‘ cs - i  iltil IStlith is -ci t t ’us - t t tu l its i s - i i h s - i ’iliua ’ i s - ” s -t , Ciii’
,i lu I I i. F 1 . 1  t l l t ’ i ’ . . ‘ i s s - t ’ III l i t  O i t t  d u ’ , u ’ ,’ c s - u ’ s - c , Iil’t u t it l t ’ t it 14 hi l t  tilt r ’ t’:Is - cu s- Ill I ’ “ cs - i I s - I s i s - i  IS s- Is - ,’l’r t s - . u ’s - h Its-

s- I l l s - t e l  s t  lit .’ .‘ s - t u ’, ( I s -... 
~‘ , i~ ’ I s - , ’ Is-s -  t ’ u ’i s- lIic ’ I t \ l s - i. s-~ s-~c lu ’ tl t i ’ u s - u s - uic h t Is- ,’ t l c ’ l s - h t s - l t t l t t  l t s - - r u ’  t ’chgc ’ t i n  t ’ i’ i s I ’I.

I I s - , ’ . t t ’ , s -  - II’ . is I s - , ’,I s s ,  c’ s - I  , s- s - s - s -~t I  IlI ct I t s -  ilue s - i ’ I i s - I i ’ ,s- ul, l l I t ’ l t s - u ’ , I s - t I C 1 l l l s - ’t ’ i’ a ’,s - i i c 1ilet.-’ ch u ’i lthu ts - c i ic ict hus - It u ’ l i

ii i s - se ‘,,‘t~~s- l u , s- i t , l s - s ,  is - ’i’ l’s iii, ’ I t .i, s- u l I s s h i u , ’ ) r ’ i l l ’ l c ’ ltrlIl It llt , ’ll tlinlhr’r t l t , ’ i ’ u ’ :l’ t ’ s - d b- . I- ,s - t ’  s - i i ’:hlt its-
s .‘ t  ‘ , I s - ’ t t  5 c - , ’ - . it,’ l.iii.’u ’ t i,, c - e u ’ ,,’ It i  .I, - ,s -I l ’ c i s s-t ’t,’s- ’t I’I , ’ l s ’’.s-i i llli i , ’s-d 1 s- , t s - ’ u’ t . s ~ 1,~ i l i i l t lg ,i, ’ s- ’ l ’ u ’ i,i, ’ III i-~

h i t . ’ t’’. h , s - s - ’  , t , ’, I : t  11 I s - l I s t i ’ I I l , t t ’ l t , % Is s - s - s - t l i t i t t  ~u i s - , ’ t t i I’’ t i l l  ,‘I h u h  t ’~t lt ’c u h~utcs i It ’ s - n il S c ’t’l s - s - h i c l lt’ u’

,i s - , i ,irl . I I s - , ’ c l i ’ . , i’ u ’ p t t l s - s is ‘u’ s - t i ’ i l s - I s -  ch Il i ’ it s - ill.’ i’\i ’ t s- s - d lS tieit t~i’ h u e  hiildtd u ’s-s s- i ts - ci ’i s - s - ; s - ct’ui ii ’ s- s- s - u ’ .

‘s-, I 5 ) ’ s - s -  ii s - s - s o s - s - s f  s - a l l I s -  , u i i s - t i , s - t t  s t ~~ii t I  I,’t’ is-s h i l l S1  t t i l ) s - h i C l I i h , ’ I Ihlii ’d ’ lIt lt ’ i tIt ’ t ’ s- s - l I S t ’ pI t is i ’5 Is - s

s - s i t s - s -s- s - i s -  in I ug - I Is - i l  i s - i ’  h is - i’ s- s - I s -i l  u s- i t  is- i  I s - t i t s - c  s- It I ,‘.t 1l , ‘I’l l.’ (t I ill l i l t  ,‘ I i t t ’ i0lls- ’~i lclli ’s - s i s -  it. c ’s- ’it l

1 ’ i t ’ i I ’ h u ’ ts - ’ u s - t I  ti it’iistii’t’s-i oil ci t i  iItc ’tIt’ i it t i is-
s-s- I t NI i (  ASI I” . Is - l ie ctts - tl’cs- I’ilItI\ s- s- I liii ’ t ’,’IiS s- s - i I l I t s - ’It

—— ~~~~~~~~ ~~~~~~~~~~ ~ 
~~~~~~~~~~~



~~~~Iii ~’~~ i
_____ ” _

’ 
~~~~~~~~~~~~~~

1 11114 I~

3/20/ 78

.1

2tXai V INSS 1003 1411 - 1,4
- ~

_ 
I I I .  I ~, Il l  (‘s -’ i l \ s - s - I l l t  I s - s - i :  i t t i l) ’ IiI I s ’s- ’ ~i s- .’ ’s

is-i l I’ s- ( 5 l i I  — I l s - i ) s - i l f s - I I I I ’  ) ‘ l l I s - - i t ’ s--i II ‘7 Is s - i s - s - I  :t I.t Is - s- s-s-
1 5 1 . 1 , .  I s - t i ’  l i lSIs- I s - \ I s s - s -~ s - I s - - i s - , ,’ . I s -  ( ‘t h i s -
s - i ) cs - s -ul l l l i  it ’ s s - s - S  s s-~ 5 5 I 5 s - s -~ l s - S i l o s - s - i l  s - l l l i t s s - I ’ t i s - s - I i  1 ’ s - I ’

s- i ns-’ ,’ )~ il I s - ’  :11111 II s - s - - ‘s- s ,
~~

- ‘ .1 ’ h Ilt l i i i ’ I~ s - i l  SI’
( s - I s- I - I s - I  i ) s - I l l l  s - I l l ’ ..1,~~~

.

s - b ’

ui,’ I I I I

I -I’

l ilt I~h ’h Nc
_ i MIs -il

l Ip. I — I .  (‘iinvcs - iu i t ic s-n (‘ffuii’ t t’Iic’V t i-i t s - ccs - t t i ’ s - t i c  \ v s -~ c I’t’ t ’ s - ) t s - u’ iIs - ’s
its-I ’ IucSlt - I I N ( s - ( ) s- t’ cint ’ ts- It’ e’t’ t I  77 h’~ ft s - r  1 I ~O 0 — \ ’  h l t t s - s , ail, h
for 4 - s -~su ’c (‘(111111 — so s - ph 1(11( 1 ’ p I t l s c s -s - s -.

k 
~~~~~~~~~~~ 

- - - -~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ - -



- -
~~~~~~

ui lft ’i ’.t s - I Iss - I l f cu i’ ‘c I2’ H)  ‘t Is - c “ i i t s - , i s -  i t  ‘I l ug . I’ I b i s - ) . h’ u u s - t i t f , u t n  th is  s - ’ s s -’ t h h s - ’ g t ’ . i i s - c . .i - s - i nc ’ s- J s - l I l ’s -t ’

.i ts -c I .1 (1, 5” ~,iSt’ s’ s - i d . I l i I l t i l~ Is-cl Int’ ,‘i .‘qut.iI , t i h i 1 s - i i l i t s - lt ’ s- ins-ne s - I n t ’ l. h is -c ’ tI s - It ’l ’ .us - - I hi s -tI u t  I’ ’ It ’t l, ’’. I S ’ ’ ’  is -
S t Il t s - I I,’ ~,, 0, 5 s-i ll s s - s - s- ’i’ Ihs-e s - I t ’ ’, I c e  heis-gIIi . ‘I. s t i i i u l iu ’  l ht s - t I , ’ l ’ u i I I I s  ss’ .in s - ’ h ’ l . c t i u i ’s - t  ii 1 1 c C  — hs- ,c i l s - t  I lui’

I I i t ( ’ , u I’ll s - l i  O h s - c ’  t ’c s- i i s - ’ c s - l c t (  t i l t s -  t i t t t ) lt u l  s-s- is- i .1 i s - c , ,  iilt ’, ts - i I I it ’ s - I .  I” c ii ’ .1 It l. is s - t I  1211(1 s-c • hit ’  I —t ill i s - t i l l  I s i ~~’
. —

s - i t s - i l l  h ’ s - s - t i l l  (s - t ’c(ti ’ l’ t s- d I uI I S  , h I i t s - s -  i s - s - ’ s - s -  c ’ u ’  tujit il .
‘l’h.’ ii’ u ’s - ) I it ’ltI ’s- (lt’iit’flhlt’lit ’ u’ s - s - i  I’ I s--c S I l ls - s-i’l l tus - l ug. 1 — 4  i ,’i ’ ~ Is-i ts --. ~s -I  I *00 \ . l b s - i ’  c s - I i c s - s - t l s - - ,’u’

,s -I ’ ( t c  lu ’iic ’\ s--i,’t s -Iilt-. Oi l C s - s - h I t s - s - v  Its -c ’ lt ’ ill s - dilllc ’t ’I’ Is - illch ) s - l s--c n c ’ II u i’sis h i ’ i ’ i s - - s l l s - s - - ,, is - i s - I u i-c i’l~ l I t’  ~., I dli s- ’ , - . ’i’

t i l t ’ I’S uiut i ’ s - I ’  Ii’ ‘ 11 s-ill I.’ . I ’ l i ,s- s - ,t’ ,l a l i  s - s ’ s - ’ t ’ i ’ tti h5~’is- s -v tt ii Ii ( I l i l t ’ u ’ ,’ il I t i ’ h I i s - i s - I l i s -’ , ’ t ’  i i l l l i iug t l s- hI i l i ’ h i i lu  I ’

t hs - :it s- s-vzs -s cts,’ti is- s- i’ Ohs - ,’ 11 111 1 iii I t  Ps-~• I .‘ Ihul ci I — ~~. s - - is - ’  h it’ s-’tn s - t i ’l’ I’r,’cl ltt’uic% - t , ’i’ l i l h i x i u l l t i t i l  I’ is

s huil’tec i t It’s-v s - s - s - i’ p i l t t ’t ’ ( .‘ l’i’ cs - t s-~ t i l t’  u ’ i l ’ h I t ’t’ il I t s - i

-‘II ItiS Is- I u \ Is - (  cs - tu l ,  s- s- I \t ’I’ 11115 h ’ r ’ c ’ i s- cl t ’ l l I i s - t ls - -d h l’tl(ed t ii 2 2 Is-, ( is -a l  It Is - s a l i s - i X t u i i t i l l l  t ’fi it ’ l t ’ i I i~~

t ’ l s - u d l ) s - a l ’ a h s - i i ’  tus-  ths - ts - t  t h is - I u i l l i ’s - I w I l l s -  S t — s - I t s -s -c l , ’ ii’i’ cv s-’ ) I”s-. l s - (  s-~ A s I l  u s - . ,  ‘l bs - l i -c I t ’ s - Os - Il s s - I p u : u ’ s--i Is -~ I lut ’

l u u s - s s I i s - s - I I t s ’  Ss-~ l l S l I h u ~ hi h i i gl i — dt ’ is - t-ci t v l is - Sl s -—d is - icl, ’  - . l i ’i ’ tS  s- I IN Is - (  i-tl u’ tlt ’ i t t u’ t’ tn 1 s , s - I t s l  ,.ltI, ’ ti s - ii’:ui’,’tI

s - i s - s - i t t t u l i :  c li’, t c i ’ . I’ . . 0 . I I ’ i ’ t ll s- u ’i’ i t t ’t ’ i’s- , “t,, R,s- u I ’ h t ’
i~. ‘ c V .  it: , I s - . l s - s - i c  I’’. .1 , 

~~‘I ltiuiis-t ’l I

Ii. ~~~~~~~~~ I \ Is - 1 \ i h s - I ’ l ”  b I 1 t  s - l I t ’ I - \ S I ’ h t S

h” i’i’ t i l t ’ I’u I’sI 11111. ’ . 1 s-,’c I ts--i u i ’  s - s - i t ,s - t ’ l l Is - l id  Il ls - i I s - t ’t’iI as- ’hui es - ed s-i- t O i l h i t , — 
I ‘c I ’I’c. I ls - )h i ld — I s - h i :s - s t ’

t ’ P%t f l X l l1 i )~ ’ gu’cs - svds - I bt( ,I l~ ’ t ’ u’ s-. s - s - I , ) , .  - 5’, It l i lI s - s i ’s- ’ ,’ , i’IIit’d Its-  h l s - l l i ’ s- s - X u t I I S i t . i \s -  12 Is. ,uuid oIs- I, lC ’ l l l’ ,’

Is - I l ls- s- Is-elI s i / lO is - ,t ~‘-,s- l \ -‘51 1.1,.,’, 55 , ‘ i ’~’ It ’t i I I t I  l ’ s - Ituse s - i t t I C t i I i i s - t I I s l V  Ill .~~. ‘‘i s -* t u s - .  It s - t t c l c h u t i c t i i , im1s -~s -’ s - 1

s t I l l i l u I l s - t t ’ t l  t ’ i s - i I s s - - c t u s - l s -  Its- 5 , 1  ii , ’ s - ss - .  I l it  s - I  I t ’ s - u ’ s s - . I , t l s - - i  s-v so tshi i-ic ’u ’s - u ’s- I ~ t Is. its - th us’ s-vas - ’s-’lc’tiglii t’liiili,’
ii’ s- s -i l l I .t’~’ Ic, 2, 1 . I l l s - I  lu -d ill .1 t,,i ‘‘s - s l I , i c, ’uh \ s - h  \ s-’l~ 115, 1’ , I’t ’cs - I s - t I OS I ’, , ~us - t l st’ii Iigt ’cI’h’ s-’ l i st s- I ’ s-i ’

0 2  K (‘t us - I l t t ng il 1.7 . t u s s - I  ‘1. 1 s- i Ill s-i t ’ l l ’ i’t ’hs- ,tl’ I ,’II i5 s - t ’  I h t ’ t c l gu s - s - t s - u s -  — g u’ tus -vII I lg ’d’l’c’ t i ls - l ic is - I lv } s -c i l l l )s - i’ci

s-v ills- hi u .‘~ s c i t c ’ c j t ’ I:useu’ . ‘ c l . . ’ , is - u I t-c u ’s - I s O h I s - I t t  IS tech s- Is - lu i  “ h u ll It t s - s - s - : i u s -  s - i t ’ l l I(’ i’tIs -~ u ’ s - i l l , -s s--s Is - s - t i  it ’ s - s - I s - I

I I g 0 71,0,
( ’c l 1s- ‘ S I  

I’ i ’ ii I .t I’. Ii,. I i l it  .1 ( ‘a , I:ts - . t ’i’ Pitllt~ > s-i’ ll-i s - s - l s -~i , ’l’ s - t~s - I ,
i’s- iu uu ls,,iI lasts - i ’  tus h t s - ’ ic is -I (0  is - ’

I ~ Is hi:s-~ Is-~ e’n t’ c’psit’ i.’s-I ii 0. s-’ 1 i s - s - s  Iii I, ‘,l I,’ i ’ ia i ’ h I t s- Il Is- , , ‘ h , ’ c ’ Iu ’ u ’ u t ’ - I t e t i i s - c h s - I i l d c h t t u i l i .

‘ I s - i t t ’  h I p’. ’
~ h l u ’ c i ’ s s f  it s - - i  s-V ci ’’’ l i l i s - s s - . . iv htu t ’ is - s -Vi ’i’ t ’ i’t ’ s - ’ s-s’Il Isv .t l l d l l t i s - t — I s - i s - I l s t s -  t ’ l s - I C t l X t h i I  Ct ’ c t s - us - i , I l I c ’

us - t i l t s -  ( ‘ ,l I’ ,’S,’ S I l i s - S f l ’.tf u ’,s- , l ’l tu’ I I s -O t t i ’ s- s - s - 5IIl s- s- is- i t t u t’i’ii’tl s - s - i l l  l l 5 I i l l ~ II ‘l’t’ s--i s- s - l t l f I s - s - i c  ti l -ISO I ’, s-s’ b l t s - ’hl

s-i/ Is-i s- ia I i l l’ it c ’s- I  s-v t h I s -  :s- (‘il l ,’ S s - s - I l i ’s- ’ i ’ Nt ’ t ’ t i  l ’ l ’ l t ’ t ’  i c ’  s - u s ’s -s I l l ,  ‘ h ’ l ic’ t ’ c ts - s - i  h ilt t~lit ,’ il ls - h s - t I’ s- s - s - s - l It 11111, ’ s - i -el ’ .’

S 1 ’ 111111 . hill 1 ‘52 SI ’ s- , i’ t ’ s - ’ i ) s - I ’t ’ f  Is u ’ l s  - ‘ h is - c ’ is - s - i’ll i’i1llihlhii’ il t s - ’iI O t is - cs - ’  ~ ts - t i  ( cidII’c ’u’iltIl i’ i’ s - i i ’I’t ’ ‘IS i s - t c u s - .
515 1 , u’ ’’s~s- ’ ’c ’I t~~u ’ l s .  ‘ I ’ hs - u ’  I l i ’ Is - i gi lcl l t l  gus ’s- i/ us- ls- ’hh I’ ,’Sh s- s- sll ltt-.It’ iilt’i-i s-s’ c’i’ t ’ c l t ’ l t ’ I i Ic ’ cl ill t i l t  los - Cl

chcheol Its - 1 Ill is-ei’t ’ t ’ us - t il l’ ( ‘ i t  1( s - i I  sc s -h iu I  td ’ lI I t it ’  It s - is- I I “ t-~’’s- ’ ~IlIst h s - t ’ I t t u ’  It’ I , ’ , s - l t t l s - t  its - Is -’ tIl t ’  u u s - i . c i t h’ iet h

hs - s s - t ’ u -.r .s - s-t s -tai c s - h s - t ’ n— t c u h s - t ’  s l ithe ’u’ ‘t v } s -e  I l ’h - ’ iih s- Is -ili ’il (IlS. h” ug it u ’ c’ I ‘s - s - u s- s i i us-wS t i l l  s- ipt is’ili 1 s - i s - t s t s - s - Is - s - t s ’u’ t i

gi’tu~ hs - t’i a l I l t ) )  — c ’ l e t s - s - ,’c i cross s,’c ’ l I s - s - I c  ot’ II I s - t l s - s -  — t h I c k  h g
11 , ,  i ’ d

11 II I
i’’’ Il s- t s - u ’  pu’ s- t s- t ’ Is - I’ll 1

si l IIt ’chi ’ l ihu’ , is-is-d l ip. I “i t s - I  sh uts -s y s Iii,’ u s--s ‘growls- sc tu ’ i ’scc ’ ~s- I (is-c sSl l s - u ’  s - s - u .s- u’ .

A is-att (’ r Is- s - s - f  liii’,’,’ s- it s -i s cu f uitte i’ s - iech its -g h is- i’s is c ’ I I ’S i ’ lV  Si ’ l’iI ill I -h g . I ‘s - i l ’ s - .  ‘i’hui ’ c h i ’ i s - t h i  s- s - i  h ut ’

&liiu’(tu t ’i’ s - u t r c t c ’ h l it’.’ Is u s - u  i’,’ t - s c t l  s - i s - t I  uu s - Is - ’ :, : . I ‘ I t O  :inul IS t’Siti s - lis - Il’cI (c i I’,’ ‘ I 000 \ .  ‘h ’ h l is ton I us- ’~’

u ic t . l ’p ts - t i i s - l gV Is t \ - p s - s -’:s- l c s -C g s - t is-s - i  s -1 t I t l l t h ’  s i n g le c i—s so~u i fu l uh ls  gus ’s- i/us- us-s - I ( I III sI lls-Sf I ’ s - I t ’s . ,‘\s 1s-, t ’ s - s - s - s ’li

5 s - i s - t h ’ I t’S wi l ls-  l~lti ’l’tI i l I I I l S s - i ls l t i i ls  s- ’ h’ ~u Iiu’iit ‘I ‘i I.’ is - s - I l l svu s -u ’ ,s- c l t ’ h s -  (‘1,1 I ts - I t s - s s - s - s - all i’et s - l t u i lg i i h tuu ’  i s - t i ’

a lIe’ ieIs-ipedic wi lls- t \ I t I s - ’uul dIlus- lt ’tIS Is - s- i l O s- t I Is- . I ’ ~ ‘
.. 0..’ \ 2 us - s - u s - u is-us-cl is - Its -ills - it’d w il ls - I,is -et’Is -iili t ’ cll s - d h icul l ls - t.I

gu’ .’;hi’i.’ cs - us - t o a c ’cl h u h s - ei’ hieuht t-s - uuc k . ‘Flit’ hlg( ’d’i’e ft i u s - cs  wei• e 1s- ~s-’ I~ s- s- s-vith 00 ,‘t l ’ I’ I  t s- t t - ,  s- ’ I is-  ii

1.’ K. s-l’iit’ SZiIs -s-~)It’S Wt’l ’ t’ s - i hs -hit ’hi l l ’c  pttiuip.’cl cs -I s - (hi’ as—gi ’ cs-s vil 1 1 1 1  I I’act ’s . s - vs - O hs - ths - , ’ Iast’i’ t h us - tf ~-

Iorns-e(I Is-v Ohs - c ’ two u ’ I , ’ t us - . ’ s - h (til l s- cu d  i ; s -t ’ ,’s .  ‘I’l i.’ t ts - s -’idenl 1, 110, s - i f s - I  l itst ’t ’ Is -S i l l s - I l  Is - t ’ l i I s - s -  s-v hs Is - s- s- lint ’s- i

u nto th e  i lgt ’ ci I’ .’ t i l ts - i  I t s -  II t’e’s-’thits -gI i I~lu ’ P illh t ’t’tt c t st i~g c ’t ’cs-si ’ut’d s- ’ hiucciu ’ us ’~ih 1 0 t h ’ , l,’nsu ’s-s s-i’ th i s -  1

_ _ _ _ _ _ _ _ _



~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~ ~TJ~~~~ r~~ ’ “~~~~T~ T ‘~~~~~~~~ T~~-~~~~~~~~~ ’

-

i

s- 

_I4 9.I

L.. . ~~~~
- Fig. 1-5 , (a) Optical photomicrographs-

of 1* 0 )  cleaved sect ion (s-f a crystal
- - 5 (0) 

~ repa red by l.I’E on a ( 1 1 *  (H CdTeS e___ substrate. (h) As-grown surface of a
I.I’E growt h of Hg0 557 (’d

0 44 3Te on a

• ~~ ~~~~~~~~ 

( 1 1 1 1 1 1  (‘ciTe 0 050 Se0 041 
siubstrate.

~
dt - I

.

~ 
.
~~~~~~

—

‘
‘ 

~~~~~~~ 
:1

lj

1 .  
‘ •

- -  

_ _  
_ _  ~~~ IiIi4i~

- - -  _ 
_ 

- -- -- 
_ - - - 

I!i ~~~
f1

X ’ 2 f l 5m

-~~~~~~~~~~~~~~~~~~244 SAMPLE 244

JbL~~J~ i-~ - - ~~~J~~4J~ 2~ 5 lcm 275 s-c t” 2?O s-~I.~ 265 s-ic n’

‘I, Fig. I-b. CW emission spectrum of a Fig. 1-7. Puhsed emission spectrum of a
big0 5~ 7(’d0 443 Te Is-PE grown layer Hg0 5~7Cd0 443 Te l.PE grown layer op-
optically pumped with a Nd:YAG laser. tically pumped with a Nd:YAG laser.

2

kt



—
~~~~~
., 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ __________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ ‘ “
~~~

‘ ‘
~~

‘ s -  
- . 

‘

S I ripe s-v udt is - s - s - i  .~ ~ s-I is- I I-ctl(1 a lengt h whi c hu c s - s - u ’ res is-Cuulded to the distance Is - I .tw t’ i.’us - t is-e cI h ’ I t V  oti fact’s.

l ’ bt u ’  (‘W rIs-diat lduli  ii’s s - u s - i  Its-c Iig(’d ’l ’ s- s-s-s- as s - s - s - s -’c ’ I it ’i i cu t ’ a I  lv c hopped for Is - I l ls - n t ’ — ns - ’ u is i t ive du lt ’ ’ I  I s - s - I s -.

t uass s-si th rotu ph a p u’:tt nip spt ’c t u’~ Ills - o t t ’  I’ - Is- ( t ’  filter , stud detected Is - v a I ~Is-S detector cooled Its -

t i n  K .

( s l i l t u i t l i , I l i S s - t ’ a s -. u ’ s - s - i hu ’r:uf is - s - u t  a t  ~~, 7 s - I s - u s -  s-van s - s - l s - s u ’ u ’ s -’ t ’d at app i’tc x ius -s-att’ lv (2  K I’,cr lice samp le

shos-v n cn I” t p. 1— S b~~~— b O  . I” ~pu u ’ s - •  I - t s -  i ihs - t s t r a te s the ts-uods -’ striuctu i’e for the samp le , s-vhic h w a s

optit’alh pttus -u pt’~I abosut I .~~ I i  Ilit’s threshold I~ 1. 5 ns-W of Nd V AG laser power ahusor tted Os - v t ls-e
f t i i s - s - I ,  The s - u s - s - a l l  t s - t i u s - s - i s -~~i’ c)f ilhC)d t’S showis- in 1”ig. 1— 6 us typical of t h e  s l ls - s ’ t r l i  ,uf I l I t’s t’  samp les.

If liii ’ c’fltl re you - u us -s - c ( 2 5  )( 2 11) ‘ 3 ~.t 01 s- ) (s - f  I IgCdTe is has uus- p lOs- i Corns- I . thets- the’ l as s - s -u ’  thrcs-s is-o ld

us- rends rka ls- lv I ’s - tv , t . , ’ . , ‘- 2 0  ‘ci - - c ’ Ill ” I s’qii vs Is - s - i s - I to is- d (cxi t’ — laser its -~Icc toil cut i’rt’nt d ens t O y  s - s - f

- t o  -‘c c us- i I, 1’ h uts - eqs- i i ts - is - lent th i’esls-ohd in~ ss - c t t on cs-I rrent dens it is - s-s ts- r t ’ I’ s - s - is - S i lls - ’ rt’d s - lv ic s - s - s - s - o r ths - ts - us-

I t s- s - - i s - ’  s - ,ls -se r ,’cd in s - s -~s- t l s - ’IIl lv plu s- s -I s - ed Its -SOs - ( FOo l ’. I ili . ‘l’Is-e a i s - s s - Iu t e  Ins- it dil’feu’.,’ntiali external
Il it lu us - Ic u in o ft’ ic ’ l~ us-c~’ lasso ius - I Is-g equal power out of but Is- ends of t ls-e lase r) was estinl at t’d t s -  (s-tj

s - I s - I s -  i’d s - X t  u s - I  a lt ’ lv S percent af ter  tak lfl~~ its- Its - at,’ ts - ( s - t t t t t  rt .’f l ee tlon ics - ss  ‘ ‘s - -c f r t s -us -s -  thu’ I Ig(’d’I’e scu rfac e

2.5 p.s- ree ls-tI, l,’sst ’s Ill the K US s - S  l)hiIplIt s - s - j s -t I t S ‘,s’iinli,w 2”  percent), and alusI ’rIs-t il s- is - — l’u’I’lu’s- ’!lcs -Is-

I s - s - s t - c t ’ s  in t ls-e ( t s- CiIItpIlt s - ) i ) t i t,’ i’s- fi ltcu ’ I l’s’ pt’u’centl . F’s -u ’  a l’c’pical lu l l s -ut Power : t l i s ,s - u ’ I s - , ’d  Is - v  (Is-c
h I  pi ‘tt ’ I’  u s- tiC I . n uIs -W • tilt’ total oc ltpot Is - ’  s-s-v er eus-s -  itted s-va n est i us- Its - t od to Is-i’ api) rOXit ls -ate lv  75 s-sW

‘I’ lc i ’ s - ’ s - s - s  s - sn Is - i ts -  spectnil us- of a lip 0 ,is-57
s-d

() ~~~ 
~
‘I’ 

~
• I - i’I- : grown las -c ci’ ls- l)t ica lly ptunwed s-v ills- a

Q— switt ’hed Nd ‘5’ - ‘cl; htcsci ’  at 77 K ts nIio’,vn to l ip. 1 — 7 .  The 3 —~sni —th ick  fu lls- (if lIgCdTt ’ Is-il hI

( s - I  I’ s- ’St ’ shul is t t’tdtc show 11 ill b i s -~. I “iti Is - I s - s - a s  h X t ’ i It ’s- I Es -v 2 5 0 — i s - s - s c’s- ’ pulses I repetit ks-ti rate of
4.7 k l i z)  fu’om a Q-switched Ns- I : \ ’AG laseu’ . Is- Is- i’ a ve ’u’age aIl s-h peak laser powers absorbed liv t h e
f ilm s -s -c no approximately 0.5 rn’s-V and 1. s-tV , I’ s - ’ s pec tts -- c hv.  ‘l’he power dlol ls itv threshold to t’

I :s- s c l lg at 77 K is ‘ 17 k’s-’5 ‘ s- s - u -  , su ch ths-e us-ensured l Ig (st l’e eniissious- wave leus-gth is 2 .7 *  pits -s - . i’u’om
(lie wavv heis-gth separation of Is-d .Iaceus -t loulgitudillal m odes s- the equiva leus-t its-dex of u’efractiois- (i .e. ,
IT \~ 2 1 ~~~\ , where ’ A ts the Iasir s-g wavelengt h , I .  ts the cav i t y  length, and ~ A is the longitudinal
us-od e s~s - a s -’ iflg) IS fl 3. ”

‘l’ais- Ie I-I s uis -s - ns-ari ’s-ces the results of optically pump ing several t l’I- gros-yn fi l ls - s -s of
big 1 ~ 5

’y ’ e with a Q-switched Nd \ AG  laser. T u e  llgcdTe laser eus-s- iss ion wavelengths varied
from t . 2 S  to 2, 17 ~s t s - s - as the (‘dl’e content of the films varied fro us -s - 0.72~1 to 0.410, respectively.

TABLE I—h
LASER EMISSION WAVELENGTH AT 77 K VS MOLE-FRACTiON CdTe

FOR SEVERA L Hg Cd Te LPE GROWN FILMS1—s -s x

I Laser
Emission Mole—Fraction Film

Wavelength CdTe Thickness
Sample No. (h.im) 

- 
(x) (i.um)

160 1.25 0,729±0.005 4

244 2.71 0.44 3 ± 0.006 3
255 2.58 I 0.4 54*0.00 7  10

256 1 ,66 0.596±0.005 7
257 2.97 L 0.410±0.004 6

7
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‘r ha’ i Igctl’l’ t’ C ’ s - t Is - i  I s - s - s -S itit iiis were (1 e’ts - ’u’us-t ui lt ’d fr u ut t  elect run is-i ucrupr ube us-easu u’t ’ us - s - e us - t s. ‘s- uu ’t  it c i s

Cu ts - u thickus-esses Os- ave lu~~ n s-used ts -e tw. ’c ’ iu 1 and 10 .1111. ‘l’hs-e laser I l l s -  isSiuti energies vs is - s - s - s - It’

fraction of (‘d’l’e at 77 K us-re slightl y lower than the eus-ergy”gap valtues c~s- k’u Iated fr o us- u an ens- -
pin ts- I u ’x ilresscoii I Kq. 31 of Sc ’c ’ t t .

t I

A lth c s-cug ls- rs - C u m s - s - crol is atteis-t pts to iu l s - t l s -  in laser actious - cmi I IgCd’I’ o 1s-y optical is-cu Is-s-i ) (is-p have ls- ’ers- -
‘

i s - s - ticlu’ ui u the past. ScIt’CeSs was achieved in only two samp les. In our present experinieus-ts, the

s-uttuquc’ ls-s-w —t em c s- pet ’ature [.I1E growth (i.e., 4 S0’ t,’l frots-i ‘l’ e sts- lttt ion us-s-ay y ie ld a material w iths- a

reduced density Is-C nonradiative centers , Sd t  that the ratio of radiative Itt nonradiative tr a ns itu cs - u is - s-
is enhaus-ced and lasts-c Se’t i s - u is - occcirs easil . We plaid Is- i I nv es t ig a te  lorcge r—w ats-e length  devices
in t h e  us -ea u’ f t utt t i ’ s- ’ , l)ue to the hs-igh s-—e lec trots -pt ic figcure 01’ ns-erit , iatt t ce ’ — iuuatc hius-g capability,

I - low laser ths - ne ’sh s - cs - id, spectra l range fro m 0.85 Mls -s- to the far-infrared , and I,l’E techno logy,
IlgCdTe has considerable potential for integrated optical c IrcuIt app licatious-s as wehh as for
v aru t s - cu s component devices , s tuch  as d iode lasers , was - ’eg u ides , det ects - irs , is-s -odc ulators , solar
c ells , etc . ‘is- . C. h a n s - I s - u s-

M. t’. Fits-n

loKl~’ l :hoI - :M’h :s

I .  Solid State Researcis- FOeport , l,ius-~o Its- I,aborat trv . \1 .l . ’F . (1 ‘ u78 II,
pp. 5 — 1 0 .

2. C. K. h(curwitz and .1. I’. I I(s- nus - eff y, Sol i d— St ate (- ‘ ( es - I i’s - s - i s - . (5, 75 (151751 ,I)l)(’ Al )- A O t h 7 O S ~b ,

1. .1 . 1’. lhs-us-nelhy an d (‘ . K. Ilci rwitz s- AppI. l’hys. l.ett. fl, 418 I t s - ) 7 7 I ,
h) h)(’ Al) A050851s- ,

4. 5. “5. Reuble , .1. Il. Cafare lla . II. W , lOals ts - uu s- , ais-d l- . Stern , its - 1Q76
Ultrasonics SI~~posium Proceedings ( lEEK , Nt ’s-v \‘ork , I’17o( , p.45I ,
l)l)C AD-A 040519/ I .

S. Solid State Research Report , l inco ln Is-ahoratory, M.I.T. (1 Q 77 4 1 ,
p. ~‘0 , I)DC AI)-A052463.

It . II. Gautier and G. S. K ino s- IEEE Trans. Sonics (Jltrason. SI -fl, 23 (1Q77 1.
7. 1. Melngailis and A ..J . Strauss , AppI. Phys. Lett. ~~~, 179 ( 1Q66) ,

DDC AD-64 22 08.
s. .i. p. Sat tler , H. A. Weber , and .1. Nen’uarick , AppI. l-’hys. L ett. 25 , 491

(1974) , II. A. Weber , .1 - P. Sattler , and .1. Nemarick , Appi. Phys. Lett. 27 ,
93  ( 1 Q7 5) .

9. V.S .  Vavj lov and E. 1.. Nohhe , Doki. Akad. Nauk SSSR tt s - 4 , 73 ( 0 9 6 5 1 .

10. A, S. Is-inc and N. Menyuk , App I. Phys. Lett. 26 , 2 3 0  (1975 1.
Ii. M. W. Scott , .1. A ppI. Phys. 40 , 4077 (19 69). 
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II. (s-s - I  \ \ l ’ t ~s - I  I I  l’ ( ’ I ’ IIl,l\ I  S

\ . i h \ \ l I- i h l .I I) \ I l ’  s-
I l  

I .\S1 l~

lus - s - s - I s I s - - u ’ It t  s - I s - - s - s - s - s - s - s - s - —~I ‘ i s - i ’ t hu s - ’  i l h t s - i t a ( s - I t ’ l ’/b u t t s - s - s - t  1 t s - t S ’ - . l h s - I t  s-C u thu  luup hu— \ i l — s - ’ i s - s - h s - - l - s - s - l  u’ t i tu u iu  I . isu ’ l -S , s - s - u
i i ’ ,,’ , s s - s - s - s - - h t s -’s - i s ’ i s - - s I  a —,s - i s - — s s - s - s - s - t , i s - t s - i -s h  h t . c i h I l — I t t ’ I s - l  [ uni t’ cu s uut p a I’ l h u S l t — l t c i d I I s - — c  \ s - ’ I i s - s l  Ns - I I ’  ~~ 1 I 

\ l ’I’ )

I s - i s - -  us - s - s i as s - - s - I  u ’Ii p~s - s - - s - Is - i s - - s s - s -  i s - i s - I  i s - s - I s - l t . c t s - I t ’ t ,’ .s - i  i s - h I , s - s - u - s - h is -  I lc - l s - ltcs - ’s-’s- I t I l t ’  h t t i l k u s - s -  l t s - u u s - s - I s -  s- ’ Is - I i c - d - h s - s - s - -
s-~ s - ? s i s -  s - I s - s - h u t ’  s- i t - s - i s - s - u s  N ( ‘ I ’  I. I5s - ’l  i s - s - - is- b

t 
I \  1 nt s-luI tIl ts - pe al s - c s s c’ i is - h s lv. ‘ I s - hu t s  s- ’ s - t s - i s i ’~~s s - s - i

I — ‘ - u s - s -  — I s - t s - s -u I ‘ — t i s - u i i — s - l i s - t i s - t  s z c I l l s - h l l i ’ c ’  d ’ s -, P s - I s I s - I , s-C tt l t a u’ s - m i tch Is - s - s - Ic Os - ’  his ’ c - d s - u s - s - u s - s - s - t d l s - i t s - ’  lI lt ’  2. “ — i s - u r s - s - — s - h u a u i i
\s- - t l t u n hu  I s - i t s - i l l  hills - I s- i l — n t j u s - — n , 1 i s - . t  s - - s- sit ! Its - i t s - ’ i s - l  O h io \h ’h ’ 1. tsu i’ rut l, Ps -s - t h u u s - I  s- u - h u t - h  s - il ’.- i I t cs -wt (u ’iI

s - i ncus -p p s - s - I ’, SI’, I’ s- t s - s - - s s -- s - s - s - s -- s - s - I, F i ts - ’  ~ i, I t c - t ’  piil’I,i, - ,-s t h l  Its -c .Ss - c l u lt l t i t ’c ’ cs - s -lIt’ s- s - tot ’  s - s - o s - c ’  a ls - c ni iuuczs - ’ cJ s - u i ts - t
s - s - s - s - -s - - s s s- .t I s - - s - b s-s- it lu Su I tes - l I t  s - s - x i s - I s - -  Is - s - u ’ s- s - s - s - I t’ s - i  s - s - s - I t. l I t t’s i ’  c ’ s - s - mu s - I uo us - c ’ u s - ts at ’ s-’ s l i ts -s - s - i t  u s -  l ip. I l—I .
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/s - / s - s- s- /

I I .  1 1 — 0 .  I s- i ns- I’ ltt ’ .it l s- ’ cs - us - ii t s - s - us - , . u t t s - s -. shuc s - s - s - u u u p ( f t ’ c s - is - t  t s - s -~s- t s -  I t s - s - t Oo ts - u)  \s -  I l.unls - hs - t u s - s - I s -.
s~u i s - I s - h t i  i s - ’  ~ttu us - i~u c ’ts - Ilt’ t ’t t i t ’ , . i s - l , h  N ‘I’ u’ ts- s -h.

‘Flit’ i ts - -s-c u ’ IIu ’ .tcl s-C us i s - i ( s - c I s - d t s - ’ dl ill a ‘5 s - ’ n I s - s - ’ l  Ius-)ls-l(’i’ lii s - s - Is - is -is- s - s - c ’  m’ s- ’ lct Ilcs - ’IlixI t hus -’ 0 2— I l l .  —t h is - s - I s - i
i s - t S t - I  ih lu i ’ I ’t d l ’ S . uis iuug s-i s-I jcisl . t ls - i t ’ ( ) — t ’ t t s - p  us - us -s - u ,ut n. Is - h u t s -  I s - l ’t’sc’ s - s - t las t s - i ’  is-s - in s-c st s- u l s - u—e ’u,s - t ufos-s- s- i I d , i \’ l I v

s-s- lIlt s-c I I — c - m i s - —  u’ .cd I Is - us hs - tp I t— I ’ t - i ’ Is - - c ’t u s - p i l i u m’s- s -n I s - Is - I s - u l Pct , l0—i i s- t ’s- ’ .s -uit  t u ’ a t usr s - u it t i u t p  oulpul ls - s - i t ’ m ’ ou ’.
‘t’Is-c’ Is -cst ’ l — s - ’uvtt\ s-tssi ’ I s - s - l s - Iv is ts - s- c s - c t us - t s - ’cl ous- t t s - 1 u s - s - I a pus-s-s-s -u’ nuis - i s - I ’c - ( 2 — 1 - 2  \ I \ 5— 1  -l uuu . ) s ’ s - s - s - i —

t s - c u r s - t us - g s- i s-’ornntt’u’c’ iallv Is-u l’c h ~ cst ’ dI 1)1 ’ ls - Iv s - ’ r t cs - u ’  s-s- tt lu I ( - hs - ulnt ’ — loeu s - s - Iuig us - t s - ts - vt i i ’ k  s - s - i t s - I  St. II t u ’ t p p s - ’ s-’

(‘t u’C U it Is - V .  1’ 110 III V t ’  u t  t ’ i’ I s is -c s - s- C c s - u’s- ’d I s-v u’ s - s - s-s - i s - s - c  ego s- s- Is - It s- 1 2 — \ N i —( ‘ s - I Es- I t t  I s - s - i  .s - ’n s-i iso us-s-oui s-tod to  t lit ’
Is - os - C’s - s -u ’ stupp ly. c’ s- t is - s - uls - lt 5 cs - I’ i s - I ’ I t v h i l c iug  , s - i i t -  t lu s - s - uss - u uus - h 0 — .1 c lcs c hus - uu ’gu ’ n  its -to t Is - s-’ lo t s - s - i s - .  ‘ L’I us- ’ Is-cs -n i’ Is
lt i’,’dt t s - s - s - c t i os - cllv Is-v ,t I s -us i s -— lu u t t s - s - Iu  s-’i s - s - i t c’ Is- uI l ilt ’s Old I t s -  i lIz. Is - lu. ’ s- ’oni~s- loto hanoi’ ts nltos-~ is- l id

I up. 11-2.

‘(‘he Is- usc u’ u’ s - s - c l is - t ’ t s - ss - ’ i s - tI\’ i ts -  (us.’ t s  0 2 “ . I \ 7 is - s - i s - u.  ( ‘ I tt ’  I t s - t o r t s - s - s - I  hauls-p s - cus - t I  i’s- ’cc l—n s - ouu s - t t i s - g
s l l l ’ I s - t c ’I’S Is - us -  I ts - i ’  sa is - is - t s - i  i’u ’ s- ’oll cs- s- ’t uu’ Its -t~

s- s - s - s- i g m ’s - s - t i lts - I (‘i t s - i s Is- . s-i Is - ic is -  s - i t s -  h is - c ’  m i s- s - I  t i s - d o x —s - s - s - a t e’Ius- s--s- I to ( i s - s -s-

hut s - s - i s -  s-i ns-I t’os-h. l i t ’ c ’atln ,’ cs - I t ius- s- sv L ,cs - - t i s - u ’ s . s - s - c  , t i ’ ,- 
~s - u ’ t s- -s - s - is-t hy l t ms - s - i t es - h its- 0. ’, Is-hi (s-ot is -ut at t. Os (it s-i. - -
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TUNABLE

l”ig. II— I. Experimental anrangems-s-eus-t of line —tunable laser. ~\ - — a(uei ’ts - It ’os;
‘511 —. curved ZnSe mirror . 1— us- i radius . $S— pe rces -s - t t’ef lect ivit ~ ; \I~ — is-Ls- iuia i’
7 us-So mirror , ts- 3—perceuit r s - f h s -’c ’ tiv i t v . ‘50 ; — tunable pi’s - c t i us - g ;  L1 — ts-2 otis-,
I~2 — 0 7  ems- i .
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I. stt s-g s-u I—m s -in s-
2 m’,xl ams-c .l is -c t It’ i’ c ’s- ’ms -ueuu t its -p t .’s-’Is-us-tquc’s, s-it’ sIs-ou hi Is-c ’ s -t I , Is -’ to s - is -- t t i  i’t.’t’ out 1uut (‘Itt ’ i’

gts - ’s c s - s - u s - i h s - s - cu ’a hs - l s -’ lii this -’ 8 — m s - uJ li’ s - - s - - I (at I —J iuu lt tu t )  s - s - I s - t s - s - t l l s - ’st s-i ills- our Iabou ’atoi’y—bets-ch is-ollois-- —
i’ol Ii’s- to:’ Is-isi ’:’ he.s-s-s- is.

l’luts- s t  .~~~‘ of Is-t ie i s -  u”s s-’ s - I t  i’esous-ato i’ as se is-ibly us dete I’m ims-ed pu’ius-ua i’ily il’ s- ’ tis-t’ ox ts - ’  m l  mis- u ru’ s - s - I ’s
.c s - i s - h 1s- is -s-ttis -t s . U sims - p us-uum s- iatu re us - s - t nt ’ s - s - u ’ s las ts - its - s- h s - lu u’cs -’ti to the’ sapphire is - ohdt -u ’ , om’ suitably p01—
tsluui s-g and c ’ s-s - s - i tut l p  th..’ lancu’ —rod sui’I’s - tc s - ’ s  t l ts - s -m s - i s s - ’  Ivos , would result iii a us -s -us -’h sns-aller Is -cs , ’r
.1 s ss- s - l s - l t s - l v .  Su pi l u ixs -’axs-t u s - t i tus-i ton s - us - thus-’ is- o s- s -eu ’—s Upply sxz .t’ shoul d a iso Is -c ;uchis-’vabie,

S. R. (‘hints-
‘i’s- • F, l’s-au’cli
‘it. lx, /s - s - ic ker t

hI . U I N 1— ’I’ I - : s --’( l :’(sI:R

-‘(s s- loss -  i ’s- Is- s -s- s- I in previous u’eports7 s- 
1s- 

~~ Iu;cs-’ s-’ den s-p I lot t  and ope rated ~ i s - u l u tu — ‘1’ KA ( ( 1 , h s - c s o u’
is-- huch his- is s - u volume s- ’ ius -’ t s - pv  exti ’aetious- cons-parable to larger . eouiventional I t ,) , ‘I’ l:\ lase u’s. lii
our u’ s- ’s- ’s - ’ is- t s- s -om ’k, s-i s-’ is-as-s-i ’ operated the mis- its - i—i ’ E:\ lasc n s-i (tis- s-c “tis-ree —m s-s- irror” p m’s - t tc us - g —tun t’d
c ’s- c s - s - I t s - .  Vu e t s - s - cv s -’ also obtained up to 3. t- W of average Is-os-v e t’ output s-uus-d operated s- ct s- u pu lse u’ t ’ l s - —
s- s - t i t u s - s - u s -  t’t’equc us -c ’s- ( I s - RI”) of up to 250 I lz.

‘rite ls - ’cs s  its - laser ot ’f is -s - ut ’ u s - s -’v s-i Is-ems- one 00’ the lasci’ ns-irrou’s us rep laced is-v s- c gratin g c’s- its - be

reduc,’ed Is-v use of a three—ns-irror cs - tv it ’s- - ,’1’
5 

Suc h cavit ies are constructed, its- gm ’atils-g-tuxs-os-l

s- - .cvutut ’n , hs -y placing s-i ps-i rtiaily refhocti is-g miu’rou’ Is -o ts -vc t ’ i s -  t he  I ,itti’os-s- —I’us-oLmts-ted pt’ s-cl l ug  as-id s- ic ’—

I t s - c ’  ns-ediuns- to forun, s-s-- ills- the grating , a turs-abI ss- u’eI’is-’s-’to u’ s-s- ith s-c higher s-s-f is- ’s-’t lvi’ u’ c ’ f le’c tuv (tv

than that of t he grating s- s- lois -c . An additiot’ta h s - s - s - Is - ’ s - s - u s - ts - tgt ’  assoc iats-’d s-s- ith the tlu’ee—mtu’u’oi’ s- ’ ;s-v itv
is Its-c i’s-’thucttom s- i ts - opts-ca l Is-os- i or dus- s - i s - ni~’i’ at the grating surface , is- is-ic lu can p rs-s- s-’ s- s- .1 optical s-I s- s - n i—

s - s -p c ’  to that surface. Vu e employed such s-c cav i ty  w ith the mini—TEA laser; the art’ams-gemeus-t us
shown ums - I”ip. II- I. ‘l’he effect s - I t’ the 63-percent ref iect is-r in the system , for s- u grating re fiec-

s - i ulY c ii ’ $s -’ O c i  s-s-U percent , is to in cu’ es -cse the effective grating ref lect ivity to ~ 8 percemit .tus -d tie—

s- ’ re .ts -c s- ’ intensity s - ct the grating is-v a factor cs- f 8 (see Ref. 4 ) . Is-he Is-s-set ’ output in the slu’ongest
lines inc mr s-tnt’s-h by - 20 percent , co ns-pared with operation its- the conventional cs - c ’s - j O y  without the

63- percent re flector; s-cnd optical damage of the grating, w hich had occiurred iii the cors-veus-tions-ch

c ; c v u t v  s - it output energies of 2S ns- .I. was e liminated. Vie observed single-line laser s- s-s-t op s-i t  on the
}‘ ($ i  t o  I’( It’ ) and the R (120 to R(28) lines of the (00 0 1) —~~ ( 10 003 transition, and on the 1’(lO) ts - s -

I’~ 041 and the R(10) to R(2t t lines of the (0001) __ (02 00) transition.

lit atte’ns-~s-tung to increase the I’RIs-’ of h is-’ xis-its-i—TEA laser, we noted that ch anging the gas
flow from longitudius-ah to trams-sverst’ across the active region increased the niaxins-uns- l’Rh” from
10 to 40 Hz. Above these values, its-terelectrode arcing occurred. The latter value was obtained
by using holes drilled In the lucite plates on opposite sides of tIs-e laser as gas inlets s-s-lid outlets.
‘rue resultant gas flow was inhomogcneous. with a strong possibility of backseatter of discharge
products into the active region. I s-s-des-’ these conditions, little furthet’ impu’oveme us-t was attaims --

able Is-v increasing the gas flow rate.

The side panels of the laser were changed to conical units with rectangular cross sections.

Thus reduced the probability of backscatter from the dowis-stream side of the active reg ion. Its-

addition, us- Is- -in. -hong stilling sectious- with a cross-sectional area eons-parable to the active au’ea

of the laser was placed between the laser and t he  upstream coms- ical (unit.

t Philips Laboratories~ I3riarchiff Manor , New York.
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infrared-laser wavelength.
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ext i ’ ts-s-hiis-g these s-s-s-s-’aSu i’ s - s - ms - s - s - ’ i s - t s  to Its - is - s - s -u ’ s - Ic ’ i l s- -s - i t i s - ’n, s-l’ii is s- r it, 1 involve this -’ usc ut s-its- Ar l” Is -s-si t’ to
i’e’ps-s-l’s- ’ Is - c eger s - s - x e  I ts - s - c’ p popu hat ions at l is - s - ru ’ i ’  s-it oi s-s-i c s- Is- s -t in i t i s - s - n .  Is -is-os-’.’ hs -’ d gs -s - of t Is-s -’ b~ns-ohecu Is- c u’

qs- iu. ’us-s-’ is- its-p u’s - Its -’ us ins-Is-ortams-t i tt  s- s - u’de’i’ Is - i SIlts-Cu f) t is-t ’ m s - s - s - cx ii s - s -wis- I Ig p rs - s -ss s- ure’ of Its -c Ot is- c ’ i’ .

I). J. I’:hs-u’his-’Ii
II. l’il. (,)sgood . ,i u’.

U. (; l -NEII ,A’ L ’ I()N Oh- ’ TI NA1I1 ,E l’A hl—INI” l-{ :\ RE[) is-:’iUIA’1’10i’1

(‘ois-e’s-t i’t’s-’is-t -~.- iths - the hs-t’te u’odyus-e’ detector e ffo rt in thto f’s- cs - ’— irs - ira rvd/subns- ill ius-us- ’teu ’ z’s-’guotm ,
we are ns -’t’k i ts - s -~ soure’s- ’n of tunable c’s-s-dius-tio ts - is-s- I’ s-s-cpplis-’at ions to s is -s -’ c’ h i’ons-s-’(s-pv, to h’ I’ts- I i cu s - s- m s - s -’v stats -—

- 
- dard s, aus-d to rens-ote’ ss - ’ ts - si  ms-p. ‘I’hs-e (‘ua As Ss-’ Is-ot l ky—s - h iods - s - s - s - s - ix s - ’ u ’  (nt ’s- ’ p. 0-’ in Rt’f, i s - )  wls-Is-’is- s - i u ’

Is-ave developed for our sennit is-’ s - s - i’s - s -c ’ s - s - i s - s - s - i ’  and radions-etem’ cats- he’ s-s-st’s-I as a sours-’c s-s-f t uis -a ts - is -’
I - Is- isis-c—sideband radiatiots- uet s -s - 1 h~gh—om’der us-s-h’rowave ls- is- u’ is-s -oms- ics. Sims -cs- ’ th e’ s-’ot ’ts -eu’—u ’c f lector s- ’ s - s - m u —

figs-ut’s-s-lion s-s-cbs - as ams- cI’ficiems-t u’eceiver of t’s-s-diat ious-. it will s - s - s -s- i u’s-’ s-’ ips-’ocalhy s- cs s - tu l  el’f icits- is-t I - a c ts - s - c —

toe. Tiis-’ resistive is-ots-linearit s - s - f the’ s-h otly provides t ue  us-s- ixims -g amid ha i’ns-oms-is-’—generat ioms-

mec hanisis-s-.
Its- our initial experiments , i’s-s-d is-cts-’d sidebands of s-i (‘113 1 subns-illims-s-cter laser h u t ’  at 447 s-xis-

were generated and detected using I s-i- s-i corus-ei’—rei’lectoi’ diode ns-ixs-’u’s. Otie’ diode’ ls-s-jXe’r was
simultaneously i (hurts- m ated by thui~ fit m .— i is-f u’a r’d Is-s-sc’ u’ s- c ms-s-I ic’s-I coaxia fly Is-y o s - i c’ rows-i vi’ s-iou eces

raus-ging frons- 2.’ to Itt C.lIz. A sccots-d s - I i oc l s - s -  ns-ixer was tIs-cis- uses-U us-s a highs-—sensitiv ity iie’tt’t’o—

dyne c’es-’s-’ iv’er to detect the radiated sis-Is-’bs-s-is-ds 01’ the lasci’ sigs-s-al. Signals of about I0~~ ‘it’.

continuously tunable over O.~ cns-’t , is - s -~u~s-~ observed. Extending this approach further , we in—

vestigated tis-c use o~ t is- ’ se diod e mixe’u’.s as h i g h —order is-tis-’mois-ic—sig is - s-s-l soum’ces. The experi—

ms-s-s-’nts-s- I ac’u’uuigens-ent is shown its - i”ig. 11—9 • w ith tiis-’ ‘ li s -’s-’owave radiation betws-’cc ts - 17 and 17 b ih z

its-troduccs-l via ths-e II” conis-e’ctor line to the diode. Is-adintioms- gets-crated s-s-s h ig h us-s tkw’ 40th is-is-i’—

nionic was Lbs-ems - detects-’d by a second diode ns-ixcr in our stnms-dai’d is-etcrodyts-s-’— i’ecs-’ivei’ s-’onfigur&s-—

tints-. In otis-’ ptc rticuham’ case , a 37—Gllz GaAs Guts-is- oscillator was used to gets-s-s-i’s- s- I c ’ 761 (lIla.

Th is solid stats-’ source couple’s-I with tls-s-’ rugged hs- a u’us - s -o ts - ics - ns-ixer pi ’s -wid c ’s- i s -s - co ns-pus-ct , stable,

F
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Fig. 11—to. Photographs of spectrum
analyzer at 3 GUz shs-owims-g transns-is-
sion of an absom’ption cell w iths - (below)
ais-d without (above) D20 gas. Design “ ‘

~~ ~t”~” 10MHZ

resolutior, of this system is 10 kb-hz
(3 X 10 7 cm t) with continuous tun-
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tunis-bbs-’ soil i’ s- ’ .’ cs- f  s-s-bout ~ \ ~~~~~ ‘it iii this -’ suls-us-s-il I lm s - t e ’ ts - ’ i’ . I ie’s-’ause’ of th is -’ ss - ’ u ts it iv ut’ s- cs - I’ s - s - s - s - i ’  hi t  —

i’m ’ s - s - s - h ’s - mis - ’  t’s-’s-’e’ s-ye u’~ th ue ois-ss-’ i’vs-’d ~s-’N excs -’i’s-h(’s-i 5 s-ill ous- s-u sps-’ct rs-rns- s-s-tus-clyzs-’ i’ hits-vh s-p s-c 100—k liz

his -it s-s-lw jeithi.

I iig ls-— t’esoleitiomi far—it s-Irs-s-i’s-s-U s In’ s- s - I u’ cs - ns -’O~s - ic ’ stus- Iis- ’s visits -p boths- th us-’se’ sos-u ri’s-’ — ds - ’ ts -’s- ’ tcs - u’ nvs —

tens-s s-i t’s-’ u s- s - s- i s-its - s-hem’ i rs -s - v. j’Is-5 s- c lu u’nt s- l s - ’u s - u s - s -u s -nt u ’ s- s - t tout . s - ci t  s-cbsoi ’pt jolt ce ll s-’otctui tiuutg I ),( s- ps-us iii

los-v pressure was Ills-let’s-I 10 omit’ turns- s - c l  this -’ sps-’s-’ti’ons-etu.’ t’ Is -u s sins-s-i-ti its - h ip. ll~9), 35.7 —(1 liz c’s-s-Ui —

s-t t us - s - us - front s-c ms - s- cc ’ t’ s - s - s - i s- t vc ’ sourex’ is- s - tn s-used ic c  U rb’s-’ this- ’ es-i txs- ’ c’ s-lb s- Is -’, s - t t i s - I  Its-i’ 17th his -c rus-s-ot s-ie’ gems--

us - i’s-clod ~ts - O7 .  04 S (H Ia). afts-’i’ passtis-g thui’oug hu this - ’ s-t i s - ns - s - u ’ I s - t is - s - us - c ’ s - s - i l, w as s- is -’ tes-’ ts -’ d is -v thus - ’ hs-s-’ts-’t’os-ivts-e’

i’s - s - c ’  l i ’ s - s - i ’. ‘Is-his-’ I 4s- i s-s- s-cs ~s-upp his-’d Is -v s-its - optics-i ily ps-umis-ped (‘iI 0 l” lase’r is-is-i’m’ s- ct its -p at c’O’l. ,‘,s - ) s I Ia .
p uvits -g s-us- II” s-s- is-outs-U 3 (Il (s- i . ‘l’ uis -s -ts -g ths- i’os-tghu this -’ 1 1 s-s-lis’oi’~s- t lou m is-’ s - is - s - s s - c I ’s- x s- i lu Ill tidies-I Icy tutu tug
thus -’ :s-u ii ’rowave SflUt’s- ’c ’ . I”igs-urs-’ 11—10 sis-os-’.’s th e’ far—its -ti ’s- s-i’s - s -s - i output s-v s-tic s- its -il witis-os-mt this - ’ pan.

I O u ’ s- ’ s - icuns -’ s - s - I’ i’esidus-c I lo’cSsut’ s-’ f ros-s- i cots-deis-st ’d liqu id its - tIs-s- ’ at s-sts-m ’Is-tis -s-uu s- ’ s- ’ i I . this-’ h is-i’s-’.’ is-Ith s- s-’s-)Uls-i

us-ot hcs - ’ t’ecis-tc’s-’d I ts - ’  Is - s - s - i - this-’ s - 0  Ps-h lIz sis-owis- . ‘l’hs-s-’ c’s-’solutiots- of i t s - e s - s - s - I s - c ’s - h  i ’ s - s - u s - s - c t  c ’ u’ is abs-s-s-ut 100 ki Iz,,
Is-c’ its-p is-u’css -’ us- tly l iis-s- itt’s-I is-” .’ hits-’ s ts - ihs - u I ut ’s-- oh’ this - ’ Is-tsr t’ i ,t s- .

‘Is-his-s is - i ’ s - ’  I uuiului s - t m’ s-’.oi’k s-ri Il Ito’.’. it s-’ s-’outtjnus-’d s- s - -i t h s - othts-’r gases I hat hays-’ s-uh,sot’ptioms-s tic’s- il’

st m’ c s-ms -p Is -c ss-’ p I s- Is- ) Ii is-es • s-i ts-s-i s-i i l l  1w’ s-thtp l ies - i  Is- s -c t ’tis-’s- t Is-cu’ lv its- s-it s- i us - s - is -’ fit s-c i-it t ’s -s - s-’tut’ t’ u’s-’ s cs - ts - s - c is - ce Ibis-es
t hs - s - s - t ht .t vi’ t ’ xli’s-’ ms - is -’ Iv is-s- ic ’ i’s-s-w s-its-cl sts -cL s- Is-’ it’ s- its -ni t i s-s -its is- hi is- ’ it c ’s - u us - is-i’ s -u si’s - h s - t is - i.e l’ s- ’ i.e us -us -s- i’s I s - s - u ’  is-u u s - —

i ms - f t’ ,t u’ s-’cl l’t’ s- ’s - j i - us - ’ ms - cv s ts - iu i s - hs - c i ’s-is . -- II. R. I’ c ’ t t s - ’ i ’ is - s - s - s - m s - ii. 3, I i tt s --s-us-
‘it , /s-.. I’s- I. 11 luus-ube rg (‘, I). I s- s-c i’ks-’
i s - . i .  ‘I’s - s - u u s - s - ’ ts - s - v ahd

I- . Ish~~ItAIu-:t) :tI iSO h~~I ’I’ION SI’t  nii-:s in’ ‘ii ,— l , 1~sIs-:l~— hs- :x ( ’ 1’1’h’~u si~’s - ,
‘it u s - hays-’ ex ts - s - u s - i I s - ’ s - h  this-’ tts - I’t’s-u u’s-s-s-i — imil ’m’s- im ’e’s- h s- is-s-ubls -’— i’s-’soms-s-s-ms -s-s-e us - s -s - s -s - t i - s - il t’s- ’us -is- ’ms-ts s- s - f 

~
‘l s- I°’ s- ’ s - u s - b u n  lv

i’ ’ps-s-m ’tcs-h In s -s-c i~ u ’l ’. It) s - t t i c i  p. .~ I in hIs-s-f. I) to (‘0 2 — Is- isu’ i’ l’hius - ’mis -’s-’s s- in huig h s- s - is  I ,I,- s - ’ ts - s - . :~ ps-s-pe’i’

I s -s - i n s - s - I s - s - i l  thu ’s-a’ rs-’us-u its us s- ’ti i’i’omi t hy (s - us - it s - p pi’s-’ ps-s-t ’e’ei iou’ ls-s-ii)l s - s -’s - c t i s - s - us - ; s- s -ms - I)’ s-i lii’is-’f sums - s - Is -s -s - i i’) s - i f  this-’

s-’(s-iis-’ lusts-s-is-s ts p i’s-’sens-ts- ’d hi, ’ m’ s-’ .

( I)  ‘l’hs-s- ’ s-ih soi’pt cots - spu’s-’tm ’uu s- s- u ms - l ms - ut ’s - It s - i ts -’ I foIls-s-wits-p this-’ (‘0,— Is - isi s - i ’  pulse
sIts - s - s - s -- s s- i si c ’s -s- tug m’ s - ’ c h n iii ft.

~
) ‘I’hs-s-” sps-’s-’trt its-s- sues - s - i  s-i s-c I) t ’ots -s-)s - its-cos- i sh ift of s-s-bsorpt ioms- uiti’s-’uigths - It s -s - i ’ s - i u’ s- I

hu ig hs-c i’ f i ’s - ’s- ius -’ts -c’’s-’ cs- is- s-c thus - s-c sc’s-c u ’ s-s-f sevs-’t’aL is - s - i s - ross-’c’ots-ds. ‘Is-i s-is shii Is-I

is its-s-Is-’ps-’ts-s-Is-’us-t s- s - f  s- s- xi’ itation leve l s - s - s - s -i’ r this - ’ I — to IO— iths-t )toi tn/ ns-olee’tt hs - ’
u’nngs-’.

(0) ‘I’has vs-u t’ is-ut is - s - ui iii Ibis-’ s-ubsom’pt lois- nps-’s-’t rum s-i is us-s-ost is-Is-s-s-s-s iis-hy its-ti.’ i’prs-’ts-’s-h

s-s-s a ui cooiius-gII of thi s-’ 1
3 

vits- ratiots -al is-s-oUt’ os - is - s- i s-u rc’distm ’ils-utiots- cs - I’ Its -i’ iii—

tcrus-a 1 vibratiots-til eus-s-’ rgy s-u s- s-s-s-is-p this--’ i’ eu s-s- s-u its-it s-g vits-i ’s-s-tiots -a 1 s-ls-’gt’os-’s cs-f

free’s-Its-us-i.

(4) At the 0—p hotois-s/ns-oleeule s-’xs-’ its-it ins-i levi’ 1. t Is-s-’ ois-ss-’rvs-’s-l spect iii s- s-u’s-’

sits - it Is- cu ’ to sh ock—tube ns-s-’as uu’ens-ets-t S s-it this-’ i s -
~~ —is - i s -s - s -ic s - ih s - ss - s - i ’ pt s - s - s - ti spec —

tn’s-i of hot ~~~~~ and the ns-casurs-’d spectra s - s - u ’ s - ’ its - i’ous-ss-s-us-a bls-’ tig res- ’ms-s-s-’ us-t
w iths- this-’ ths-ermal api’s-s-tram cxpe’c’ted at th is fius-’us-e’s-’ is-s-i’ s-’s-s-us-s-phs-’ts-’ vil s-i’s -c—

tiois-us-l es-s-c u’gy thi s-’ rms-s-uuLizatbot s-.

(5) At this- 10 —p is-otots-s/us-s-olecule s- ’xcit is-t ious- level • this-’ observed spectra s-ti’s-’

ms-o hots-get’ as well dess-’ ribed by a Us-es - i’ns-uu I dist ribs-it lots-.
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( s - s - )  . hth s-s-s-s-cghi s s - u i s - u s - ’  c ’s - s - t u n i c s - s - u s  s - h i s -  ui’s- s - cu’ s - i l l s - I  s - i i ’ s - ’  s - is - t i e’s- s- i t’ e’qucc’s-’d I’s-ti ’ s-s -ut ’ us- ic ’a—
su s- ’ t ’ns -s - ’ us - t. s - s - c’ his - u i ’s -’ ucut s - s - I s - n s - ’ u ’ s - ’s - ’ s - h  s - cb s-) ’ pm’ s - ’ s s i uu ’ s - ’  s - h b ’ ( s - s - ’ l I c h s - ’ i s - cs - ’  i s - f  this nps- c’t t ’s-c l

u’ s- ’ l~ixs- iI te d s- ; t his setggs -’sts th at it t i s - s - i\ m’ s- ’ i’ I s - ’ s - ’ t  s- i s- cs - I  Its u s - us - u l c ’ sn  its-tu ’s-cunohes -’ uhs-c r
s - I t s- ’ t ’~~\’ I’s- i iis -hOns- iZs -ct is - s - mi.

(7) :~ u’u s- ets -’lu Is-u ’ s - s - s - is -Is -’ t’ j ms -s - is - us - ’ e ’d s - uh s - s s - s -u ’ (s - tt ( s - s - I h i atus - h , s- s -i s -i c u’i c xtm u t ~it c ’Iv Is -s - is - ors-hc’i’s i s - f

m i s - s - i g s - u u t s - i s -Ii’ s-i s- ’s -ck i’ u’ this - its - th e’ ullu0tn is -
3 

altsoc’pt cs - s - mu npe ’e ’ tm ’u m s- u , his- is Ic s - ’ i ’ u t  ob—

s--, s- ’ i ’ ’ s- c ’ s- I s- s- is - this -’ h ui glu —f t ’ s - ’ s - i i us -’ t tc ’ v  i - s - i s - I s -’ s - s - I  t hu s - ’ i -
~~ band . is - hu m 

~ I s - s - ’ c - t t ’ s - t i s - i  s - ’ ’~—

t s - ’ i s- s- hi- s- u s - u s - s - u ’s-’ t Ins- us- lo s - t i  c’ ms - s -  s - i t s - s - t i ’s - ’  u ’ s - i m s - s - I  i- ’ i ts - s - i s - s - s - i l i t s - c I I i ’s -’ s - cg u’ e’s- ’ us - us - ’ nt  us- b It t

thus - ’ ns-utti Ls-hs- utcns - s - ’ xs - ’ i ta t l cs - i s -  s - s - I I s -s- s- - t m ’ s - u l u u  fs- s-ti s-s -l iii tic s - s - — t u ’s- ’ s - I s - t i ’ u s - s -’ v  s-h isse s - s - Is - i—

m is -ni s-i x ps- ’i’ius -s-e’u s-Is. l ’hu is is - -. t h e’ f i m ’st c Is - m ’ i’c ’t s - c l c s - s - s - ’ u ’ s -  s - i t ion s- u i thus -’ bliuc’

s-I s- is - i s i —i ’s- s - is -this - s - us - u ms- i . - I- , l)c’utuie’is-
S. ii. 3. Itrueck

I- ’. e ’ s - s - ,— I . ~\SI- i i—IN i f l ( I - 1)  h) lSS(1t,’IA’ hs- lV N 01’ Sihl ,

‘(‘hue iis- f ra re d— is -c ns -s - c ’ — tu s-s- lus -’e’s-i it hu s - uts - dc ’ l ts - ’ m l i is tc ’ )  s - s - I’ s c ls - s - b u s - ’  us cc l ’  cm cts - ’ m ’s - ’ s t  irons- ns- ’ vs - ’ u’s- i l us-tus -u s-s-ipoiuits.

tt huc hs-’ it s-i s-i s s - ’ s t s - c I s - I u n h s - s - ’s- I cii the s- ’ s - c t ’ Iv  s- ’xpt’ r i i m us - s - ui t s s - c f  l ( s - c s i uv  e’t ~i 1.
11 that s-i (‘it ( ( s - , is - ins - i’ eats- s - i t s—

sc s-s- ’ i s - c t s- ’ Si l l 4 s-it F s - m ’i’nsuu’ s - ’s of .~0s-) ‘(‘on’  c u ts - c n u l uc ’ s - s - u t  s - c us - c l  hivdm’es-gs-’ ts-, it lus- is muot Its - s - s -mu cis- ’ts- ’u’us- ui ius - ’d if

Sih (4 cats - s- t us- ds -’ m’ gs-s- c ’s - il ls - s us - c u lt s - s n tus-u lts-photous- s- h issos-’ is-th ou uus - the’ sas-s-s-e’ fasts-tots- as Si”1 , ll(’ 1 -~~, s- its - cl

s-c mi nus -il ls- ’ r s - s - f  s-s-this-’ r cs-s-ole’s-’ uhs-’s. St hu ts - ’ —I s -ant ’s- I i’e ’as-’tic)flS s-s- iay Is-s- s-ye’ ap~t Luc’at coti ts - s - visible base i’s;

for s-’ xs - s - u i t i s -  Ic , ( s- i s - , — last’ u’ — s-us -deuc es-i ds-’c’o s-tpos it jots- s-s-i s ih s- s- is -c ’ is-as I c s - ’ c ’ u s -  ss- iggs-’stcd as a i ts - s - s s ihs -  Ic’ s s - s - s - u u’ s - s -
i s- i Si s - i t s - s -ms - i s  to gs-’rs-erate ’ s - ’ t s i is - ht ’  is-s-set’ ae ’ t u s - s - u s -  its- Sit) cs - sims - p this -’ s - c x i s - l s -c t t s - s - t t  cs - I si l u c s - s - ts -.t’s- auus-i this-’ Is - ins - u’ —

its- its-ate ’s - I i’s-is-action of Sill4 s-i ith SF’
s- is-s-s-s u’ s- s - s - i’ uut L’s-’ bs- ’ems- uses-i Its- obtau ts - s- is u t s - h s - ’  ls- ixs - s - imie sc’ e ’ ms - s -’c’ ti’ofl’i

8 , Ins- s- i ’ Ri’s-. 13).

‘it s-’ hua v s - ’ studies-I the (‘(‘b~ — laser— induced chens- istc ’v of scha is -e i t t  Is -! ’ s- hs -’ u’ to ciiaractem’ize this -’

s- ’m lt’ u’gy absot’1s-t ioui, visib is-’ hunuiis- i-sce ts-cs-’, and s - Is - s - i ns - s -c- us - s - i  cs - cu t  Is- m ’s - s - i ’ s - ’ nss - ’ s  involved. :‘s-, 1s-s- ib hies -utuc s-is -

s- I s - n c’ t ’ ch s - c u u g lbs-i’ s-’xpex’iments-s- in detail is in preparatiouu; this- mauis- i’s-’siuhts are suus - s- s- s -s -au ’ l ,s- t ’ s- I is-e’u’s-’.

Sts -u s-h t s - ’ s  of s - ’ uu s -’  i’gv deposition its- Si 114 by a (‘01 , ‘1’ I- s-A last’ c’ s - tnt us- p is-o s- hi cuptoseos-istic 14 antI s- lu reel

i’ans-s ns-tss iots- ns-c’s-s-ss-ireu’nents shs-os-s-’ed that this-’ absorpticuti is-i s - s - Ill)- 1.5 pus-otons/us-ols-’eule’ at s - c f heii ’ is-e ’s -’

s-s-f (1.8 J/c’is - u ” . I — ‘(‘ore Si ll4, and ttIO—ns-sec—wide h’(.~0) (‘4,), pulses. Is - v contrast , Si’
s- 

at this saus-s-i’

fluc’ts-e’t’ absorbs “7 photoms-s/ns-ohecule its- a c ’s - s - l l in i o ts -hess u’ s- s -guts - s - i s -. ‘russ- pressure depe’tudeis-ce s - s - I

the’ chissoc’s-ation s-if Ss-h 14 at a I’ls-uence of 140 J/es-s-s-~ at c 144 ’ s-~ifl ~~~ . l’t~ 0) hint’ us presets-ted its-

l ip. (I—li s-s-is-cl shows that dissociatious- is a collisions -al Is - u ’ s- d c ’ s - s n .  F igure II— t~ sh ows the fls-uc’ncc’

at tu e ths-,’e’sis-ohci iou’ visible hs-ims-s- ins-’scence, whis-,’h com’i’els-utes us--eli s-i- ith this-’ beis-avioc’ s - c t’ thus -’ s- I t ns s - s - —

ciat ion. The hs-ins-jnescence us acc’ons-pams-ied by s- ’hs- ’s-’I m ’ic ’s - i h cous-dus-’tivity ; the spectral cons-tent oh’

the radiation has beets- exams-s-its-i’d usitug s-irs- optical u’us-ultichats-nei ats-alyzer. s-I’hs-e specti’uns- cotisi nts

maims -ly of molecular and atoxs-s-ic’ hydrogets- h u e s , ahthos-s-ghs- a few hims-es rens-aits- unidentified . ‘liii.’

d ifferets-c’e betweeis- the behavior of Si’ s-
1 as-s-s-i Sill4 s-s-us-tier 

(‘02—Iaseu’ s-’xs-’itatiots- is attributed to the’

fact that the density of states in the latter us sufficiently low to make colh isionhess ns-ultiphuotots-

dissociation ins-possible. T. Is- ’. IJeutsets-
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III. MA i’ h- I f l ALS  R h - S E A l ~~ ’ h I

A. 1:1 h-: ’ I’Ith’Al, I’ItOh’Ehl II ES 01” Its-P

Iis-frares-i s - u s - s - s - Is -’ Is - s - se t ’s t nt is- I ava lats-s-’hi’ phiotcudiodes ” uti l iz iutg Gains-As P c’pitax iai ls - i - s-’ t ’s g row t u
ots - liii’ substrates at’ s-’ pu’ons-iisiiig soum’c’ s- ’s and chs-’tcs-’tors fat’ fibs-’ m’ optic’ s eons-niuus- is- ’atiots-s at 1.1 to
1.1 ~.eis -s - .  Iii au’s-Icr to provide liii’ substrate us- iaterial for ths-ese s- l evis -es, we is-ave Is - cs - ui  nv tutht u ’ s - i iz i t t g
polyc’rvst s-t h liuue Its -b’ fu’ots-s- the d ens-cu ts and theus- growius-g situghe c rystals of t h e  eonis- poUms-s- 1 b~’ the
liquid —encapsulated ( ‘zoc’hralski I I, I-~( ‘) us-s-etls-od.

3 In th is reports- we su rs - s - m s - s - a m ’ i -l,s-’ this- ’ m’ s-’c- s - s - ihts s- s - f
res ist iv i ty (ti I ans-d I lall s-’oef lk’iens-t ( I-h 1 l~ 

ns-eas tun ’ens -e is- ts us-s-as-ic ots - t he  polyci’ystalliuue is -s -atcu ’ia h s-s-us - c l

ous- tiuis- ierous mu—typ e . seuni—ius-su latit ig , and p— tv ls -e I ,h- ( cu’ysta(s.

I ‘ois -’ s- - rystall(tuc l ru I ’  is s vnthess-zt’d front the elements zz t szde an evacuated, sealed, fiu sec i—
silic’a ans-s-poule ius -  s- i huou’izoiutah two-zons-e furts-aee ,4 ‘h’Is-e In is placed in a Is-used-silica boat s-i t ois-e

s-s- us -d of this-’ zs-ns-poule, and (is-c P is places- I s-it (Is-c othe r cu d. The Its- boat is Is-es-s-ted to - “ t O O O ° ( ’ ,

anus-I the 1’ m’s -’ ss -’m ’vs -s - i u’ is is-cs - s- ted to a constant temperature its -  the 420’ to 480 4,’ range. A ms-s-o lte iu
I ms - — 1’ solutiots- is forns-ed its - thue boat Is-v t u’aus-sfe r of 1’ vapor irons- t he  reservoim’ , thucus - so lidifies-i
s- hii’es-’tiots -a lhv to fou ’ ns-s- ams - I t s - I s -  its-got. ( us - early runs-s . sohidifics-utioms - was aes- ’ons-s-phis iies- l h _ s- s- gm’as-iuallv

lowenins-g the temperature of ths-e Is-ot zomue , but now is achieves -i by puh lius-g t h e  ampoule tow s - tm ’s - h thus -’
cs-old end of the fs -s- rus-ai ’e . Sohidifics-s-tiots- rates betweems - I nt is-i S s- m i s - ‘s- la y Is-ave beets- s- uses- i,

Only a u’nit iou’itv of t is-e poiyc’rystallius-e ingots have yius-’ls- Ies-l sans-pies suitable for s-’hs-’etu ’is-’a h
ns-easur ens-s-etits, sirs-ce the grains- size its - ns-ost of the ingots is-as beets- too sns -s -s -s- ll . All sams -up les s - Is - s - i t
Is-ave beets - ns-s-eas ures - I are ru-tvps-’. For these samples the electron ns-obilities (p. s- R 1~ j u b  s-ut 77 ntis-i

300 K are plottes-i in l”ig. Ill—I vs t he  eles-’trous- cons-centration ( us - -- I  -‘I~~ 1
c) at 300 K. I)ue to iou —

izcs-l ins- purity seatteri us-g. ~,s- 77 gems - e m ily decu’eascs w it h its-cs -’easi us-g is- 300 , whs-icis- is appu’oxi ns-us-telv
equal to n77. ‘(‘lie samples with ti 300 above lO~ °’ cns- 3 were obta ined irons- bigots preps-s-u’eil ca~ Iv
ins- t hs-e prog i’ans- , before satisfactou’y techts-iques were developed lot’ hs-aus-dliuug t ue eiens-eiuts nut s- I
sealing the synthesis ampouies. ‘(‘he latest u s-got , w hich used In Irons- .Iohs -us-soms- i\latths-cy amid I’
frons- Mius- its -g a s - s - s - i (‘is-eus-s- iea i Products , was so lidifies-I at a rate of about 2 ,5 cts-s- -‘s-lay wit h a 1’ m s - c ’ s—

ervoir temperature of 42 ’ i ’ ( ’. F’oi’ a sample frons- the ceus-ter of this its-got , ti 1.5 \ ~~~~ cs - is - 3

and 6.0 X ~~ cm2 \’ t sec
_ t

, ins-d icating tis-at there is very  little acceptor c’ons-pets -satiot s- .
I’hcse values approach the best so far reported for poiycrysta lhims-e Its- I’ (Ref. 4) . Additiots-nI work

is in progress to determine the best sources of In and P, to improve t ue  c leats- hims -ess of this -’
hans-d lits-g procedures , and to check the effect of s-Iifferent boat materials s- itc h as UN aus-d vitreous
carbon on Its-I’ purity.

Flue LE(’ technique is the best method now available for growing bulk sitmgle t ’z’ysta ls of Its-P.
but several problens-s remain. Unless the growth conditions are mains-tainted witis -ims - fairly is-arrow

limits , the yield of single-crystal boules Is very low because of twiis-nius-g and subsequets-t ms - s - i s -s- lea-

tion of new grains at the intersections of twin plans-es. Its - additious- . constitutions-al supe u’cooling is- i
often troublesonue because the polycrystalhine c Is-arge usually coms-tains metallic [us- its-ciusiots-s s-s-ms -s- I
is therefore nonstoichiometric, We believe (is-at a large tems-iperature grus-dieus-t at the crystal-
melt Interface minimizes both effects. If t he  gradient in the growins-g crystal becons-es too large .
however , t he defect density is expected to increase due to straits- . Vs - c  is-ave us-ot is-s-as- Ic teus-iperature-
gradient measurements in our LEC crystal puller , which uses s - s - mi rf inductiots- generator to Is-eat a
graphite susceptor containing the melt crucible, but we have varied the gs-’uus- iiets-t ls-~ rais iis-g or

2 1

_________ - -‘ — _____________________________
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s- s - s - s - ,  ‘ s - s - i s - . .  s- s- s - : s - . s - s -~ s - u s - s - ., 1

I u s -~, IIl”I. Flu ’s - t m ’s - s - u s - s - s - s - c s - I s - i t  u t i s - ’ s  s - s - I  77 s - s - us - s - I Oo ) s - s - I~ ~s-
_ ,, s- ius-d s-.s- too 0

, s -~- s - s - fiuus -s-’ t u s - s -ui s- s - f  eh t ’ s -’ t t ’s - s - s- i  s-’s - s - ts - s -’et s- tm ’ s - s - t t s - s - s - s -  s - i t too K ( us - 
~ s-~

h I s - s - u’ us - - tv j s -c

s u m s - s - I s - I c ’ s  s - s -f I ts - h’  ft ’ s - s - m i s - s - uutd s - s - h s - t s -d t s - s - s - lys -’ t ’ ys t s - s - I i t s - s - s - ’  s - u s - g s -s - is  s- its - s - I It’s - s -us-i
ts - mis -i s - s - I s - e s - I  s - s - i ’  Sus- — d s - s - i s - s -’s-i I s - s - s - u s - i s -s -s It t’ s - s - s - s -.ms - is-’.’ I - I-t i , ’ ts-’s-’ Is -us - i s - h i ts -’,

Is - s -s-s- c i’ius-g this -’ s--i s - s - ss -’ s- ’ Is -to u s - s-i- i t hs - t’ s-’spc’s- ’t to th is -’ m’f s- s - s - i l .  luu m’ s-’ s-s- t ’ us - t u ’ s - u ms - s s-c s-’ Iuzs - vs -’ s- ’ us - s - phs - s - v c ’ch s- i I V\ s- s - u ’ s - u  —

s - i b I s -’ “ s- s - u s -  imu , I t s - i u s - i u’ t s - u’ s - s - I l ,! s- ’ ns - s - h iug is- , s - s - us -  luil’ s-s - l ua u ’g s -’ s - s -i’ I t O  g, s- i ~s - t ’ s-’ —bakc c I ut ,4,1, c’uis-’apss -ul s-imut

c h,i ug t ’ s - s - f  10 g, s-u sqs -uau ’s-’ It s - h ’  s -s - u ’s - s - I  ‘s-l,’itIi this -’ il i i i i ’ f s - s - c t s- s - I s - s - s- s -ui . Au’ gas pt’ s - ’ s s s - t t ’s- s - s  s - s - f  40 u s- ’ 4~ us - t u s - s - ,
au s-s- I pull u’ s - i t s - s  u s -f  I t s - s -  .1.’. s- - us - i hu m’ . 0’. s-’ n’ Its - s - hf this -’ boiuhs-’s-,u g u’ s - s - us - mi itmu det ’ thi s - s -s-i s- ’ s- s- s - s - uus -Iitiouis s-s- s - s - ms - sist
us - i mu imu ls - - s - s - I  a s - s - s - m i ght ’ s- u ’ s - s - i t s - t I ,

All - s - s - t u s - s - i s - l s -’s fm ’ s - s - us - i i s - s - s - m s - s - i t s - s - t h I s -  s - uu is - I c s - ps -’d I I ts -  - b s - s - s -t ls -’s Is-s -i ’. ts- bcc’us- us -—tvpc ’. i’h s-s-’ mu s- s -us - s - i ~,s- s-hats-i fs-iu’

t l u s- s - s u ’ s s - s - s - s - s -1 s - h s -s - s si ts - I  Its-i’ ss - s - ts - u i s - I s -’s f m ’ s - s -m i s -  ths - i ’t’s-’ Sms -—cl cs - ps-’s - h (x is-t ies o t i  t O ~ ems -u s - tm’ s-’ i t s - s -’h s-u s- lc’cI its -

l ug. Ill — I. ‘it b us -’ t s - s- ’ c’ (eel i’ieal us - s - s - ’ as s - ui ’ eus - s - t’tit~ us - s -s - u ’ s- ’ us - s - as - I s - ’ out s - s - a us - s - phc’s i’i’ous-u this -’ po (vs-’ u’ysts-ilIits-e
s - I t s- i m g  s- ’ s-us s-’ s- I fs - s - u’ g u’ s- s- us- (hi s-s-f s - i t t s - tm s - s - I s - s - I s - s - s -s - i  is-os-i Ic , t is-e s - Is - i ts - i  to r thus -’ s- ’ Is-a i’g e s - s - i t s - i  Is - os - u hs- ’ I us - is - s-’ bee mu s- s - o u s - s - —

ps - u u s - s - I  iii on’s-it’ n’ Is-i s-’~ Ij is -s-* its -’ th is -’ uu ts -s -os - tu s - t of s- ’t ’i t its- uus- i it i s- it iots - u’e ss- uhtius -g ft’ois-s- I hs-s- ’ I El,’ g u’owths- pu’s-s-s-s- s-s-ss .

lii this - ’ us- s - s - m s - s t  s- s-us s -’ , this - ’ t s - s - t a l  u s - s - s - s - u  ,‘s-’s - h u is-s-put ’ity s- s - s - u s -s-’etitn’ts-tic ts- i s - s - s  s - ’ s t ims - s -a te s -l ft’s- its - i us - 7,. s - s - us - s -I os- 7 —

u u s - s -- t ’ c , s - s e ’s - h Es -v is - ’ss t is -ats - ~ io t s- m is- whi le ts -vs - ’ bos-uht’s s- ’s - s - tit s - s - iu i s -,’cI t \ t O~ ~ s-’ns-
is - s -us-u  it - s-h s- is -s- ps - ui ’ it i es (hints - I I t s - u t ’  s- - his - i u’ gs - ’s. l’hs-e Is-ig hus-’st s-- ms- Is- us-’ s-if Is-.,7 (is-at s- vt ’ Iu s - s - s - -t s- us - ies -s-sut ’es- l to s- late
f s- s - u ’  I Itt - I t s - h ’  is 1.8 \ I ~4 

s- ’us - i ” \ 
- 

s - i t ’ s- - 
- 

fcs- r us- sats- iphs-’ wi ths - is- A .1.7 ‘s- t O ~ 
~ 

s-’ms - s - 
-

1’ s-u obts -s-uiu s-- is -’ us - tu — u s - t s s - t I s - s - t u  mug h is - I ’ . ws - ’ has--c s-uss-’s- l the tes-’huus- iquc s - s - f  s - lo pi us-g with I s - ’ , a deep s-us-’u ’cptoi’
wit h s - m i s -ns - s -’ u’gy lu ’s -’ s- ’I hs-s -ea t s-’ s - i t ics r this -’ s- ’s-’ i s - t s- s- i’ s- ’f this - ’ In I’ bs-s- ns-s - igs -s- p.’t Eht ’t s - s - t ’ t s - t s-il l” t s - is-- u I s - s -ads -s- s-i is -s - It s - t hs - s - s-

I its-. s- u-nc iblu ’ us- hong with his - u ’ h s - s- ’ lys- ’ t ’vs - -s -l s - u l l ius - s- s- ’ Iu s - t u’gs - ’, s - i ts - s - I I I is-~ g t’us- ’s -v t h s -  s - s cs-i u’u’is-’s-l out undt’u’ cs-s- ns- di —
s - s - I ns - s s- -in s- i s - I s - s -n’ ts - s - ths- ,s-ss- ’ ds- ’ss-’ i’Us-s -’u I s - uI s - s -ss- ’ u ’ . I t s -  s-is-’ts-’ u’ns -s-Lu s-s- ’ tin’ as-’t ivatis-s-n s- ’us-s-’ u’gy for ths-’u’ts-s-alIy excited

u ’ lu ’ s - I  is -
~~u is t’rs- i!s-s- f lit’ l ’ s - ’ as- c t ’ s - s -I s - s - i ’  I t ’ s - c l  to ths-e eous-ds-tc ’t ion Es -au s-cI • R~ as-s-s-i ~ s-v c’ u’s-’ us-s-easut’c’s-h s -s -vc’ u’ t is-e

teuuipcrats-trt’ rats-ge ft’s-s-us- i 2U0 to 180 K for a sc ’s -s - s - i — iuiss-ulatiiig smu ts - s - plc fu’ous-s- s - s - mu Fc—s-iopt’d bottle. I’s- it ’
t his sats- iple’ , us- ;oo • ~~‘ I ‘s-- I s - u s -  

— 
• p 10(1 7. s- X 10 ’ 11 —c u s - s - , s- its - s -i i-s- 

~~~~~ 
• .1.’) s-

’s- 10 ens- ” \ 
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scs-’
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s - O t  m u ’ s- s - I s - s - ’s- s- s- ’ uh s - s - i ’ s s - s - I i u t s -’ t s - ’ s - s - s - ( s - s -’ u s - s - I u s - s - u ’s- ’ s - I  I s -  ‘

s - s -  .s- s - .s -’ u s - s - u ’  s - m i s s - s - l a s - s - s - s - i t  Is- u ’ s--s- s - us - s -I s - Is -’ I’ u’ s - s - i s - s -  .uus-
I s - ’  s - i s - s - I s - s - ’u h  I I t  - i s - s - s - s - s -lu ’ , ‘
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s
-

t ( s - s -’ itig luc’s-ut t m i o h s - i l m t s -  s- s -s- s- (s- is - ’ u’s- ’portecl h’s - s - u’ ,‘tc’uus-i — (u s - s u s - lalt s - u g In)’. I’he rs-’su ulls of Ihc t i s - s -’ s - u ss - u u ’t s - u s - s - t’ s - s - i ’ -s -
s- t m’ s- ’ sb u s - s-s - u i s - it s- h ug, III- .1 - s - s - h i s - s -u’ s- ’ ~ I I  1’ ‘ ntis-I p s - i i ’s- ’ pLs - s - tt s -’ s - l ous- logarithms-ic’ sc ’s - u k’s ‘. ~ i’s- s- c’iIs- m ’s-s -s-’s-il

s - s - t s -~~s - s - huts- ’  ts -’umtpt ’ u’atuuu’s -’ ( I ‘h’ ) .  Flit’ ,s-.- Ii s - s- ut i s - s - mu u ’s - is -’ u’ gv obt s-iimies -I is O ,s- - ’s s-’ \ , iti g us - s - s-h s-ug s-’ s-’s-’ us - s - eu s - t  s-u is- It
publishes- I s- s- s - ls -tes s - s -f  0.c s- s- ’ \ Us- ’ f .  ‘s - I  s - t ac t O ,s - -  S c’ \ ( Het’. I-i .
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t is - s-’ss-’ St u s-s-s- - i s - i  u’ s - s  s ho ts - Id be us- ins -cs -is - es - i as s- I s - s - s s -’ I’. s- us os-oss i i s - i s -’ , h Its -’ Is - ’ rus - s - s -  m v  s - s - I  Ic’ s- ’ ( s - s -0 47 1 ms - 0 s-,s- 3As
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In some cases, the eons-position of the layeu’ was is-s-ensures-i by clcctu’on us-iieroprobe aus -s -s - lysis .
Is - hit’ e’pilayer lattice eo us-sta ns-t s-v s-s- S foums-cI to (us-crease by about 0.01 pem’cent pci’ us- s- is -’u’ous-s-eteu’ (us - the

I 
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s- l i  u’ s- ’s- ’t ioi s- away fro us-s- the substrate surface , bts-t s-s-a eons- positions- vs - ur i s - us - O s - s - is - could Is -u’ s - hs -’tes- (s- ’s - h s-v (thi

s- (hue us-s-ic m’oprobe c’s - - c ’ s - I  for lays-’  ms - s us-s-ore Ihams- 20 is - us - s - th is - s - k. h Is - us  i’s-isis-It us u. s - s - i s - s  s - is - (s - s - s - i  w i thu th us-’ vs -I Its-s--

s- s- f ±3 is-s- u s - - s- us - I s - s - swutl~’ as- 1s - )pts -s-ch for this-’ re lative as- -c s - s - m ’ s - t c ’ v  of ms- uis- ’t ’opu’obc a us - s - uh vs i s .
t his- ,’ expe u ’ i s - s - s - s - ’ u i tzs - l  rests- its for ths-c l,l’E growth of Gs-u,~

lms - — ‘ .
A

~ 
fu’om us- Ga — h is -  — As so lts - t ioms -s au - u ’

suts-uu s-ua n’s- ic’s - h its - l’able I l l—I . wh u is-’h his s - s t h u s - ’ As-u am ud Gs - u t ’o tuc ’ti mt trzs - t ious -s i ts - each g ms - owt  hi ss - u hus - t  i s - s - us -,

h ue u’ahiue of I’~ . t ue  ls - i t t i s - ’s- ’ us - s - isus - s -at u. ’h hs- ’tvs-’ ecus - t he  g rous-’ mu I s - u s - u ’  i’ s - s - is - cl thus - ’ ss- u bst u’s-s-t i ’ I s - h s -’fs- s - s - c’s - 1 s-us s- is - s - -

is - s - I ts - s -- s- s-’oum staus-t s- s- f t h e haven’ us - s - i ts - us tis-at of I ts - i ’ , s- his - is - i t ’s- I b’s-’ t h e  ls -s -tt is -’s-’ cous -s ta u ut of lu s - I ’ b , s - s - u s - s - I t his-’

TA BLE I l l—i

EXP~RIM~NTAL DATA FOR LP€ GROWTH OF Ga In As ON InP
x 1—Is-

Composition
of Liquid (q/o) Lathce Composition

I ‘
~ Substrate I (°C) Mismotch * of Solid

Orientation As Ga t (percent) (x)

2. 49 2,34 577 0 0,470

- 4 .53 2.62 627 0 0.464

8.75 3.00 691 0 —

10.50 3.20 - 714 0 —

( 111)B
2.07 1 .31 544 +1,35 —

2.62 2.62 579 —0.24 —

4 .63 2.82 631 —0 ,34 —

7,40 3.00 676 —0.13 —

2.10 1 .50 545 0 —

2.80 1 .70 572 0 0.486

4 .00 1.96 605 0 0.473

5.70 2. 42 640 0 —

8.75 3.00 691 0 —

10.50 3.20 714 0 —

(100) 2.07 1 .31 544 — 1 ,47 —

2.49 2.34 577 —2.68 —

- i  2.80 1 .60 571 +0.14 —

2.80 1 .86 574 —0,24 —

4 .00 1.90 602 —0.09 —

5.70 2.50 641 —0.08 0.494

7, 40 3.00 676 —0.34 —

* 1
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l , s - v s - - t -  c s - s - n i l s - s - s - S u s - u s - s - m i  if it s - s - - s - s - s u’ns-’as-- uuu’s- ’d . h a m fou’ gu’ s - s - w t b s -  s - s -m t  ( 111 ( 10  s-s-nd 100) subs t u ’s-i t s - S  au’t’

g u’oupes-h ss - ’ ps - s - m ’ a ts -’lv . h Its-’ lattice us- s- is us - s -at s -’ iu is listed as zs-s-m’o fou’ those c’s - s- Sc ’s uu i wh uicis- it was too
sums -all to be measured. ‘l’he layer composition was measured in four of ths-esc c-s-s-si’s. l’o wills -it s -

time as - - s- - s - s - s - s -s - s - s - v of th s-e micm’oprobe analysis, all th e s - s - u s - ’ a S u m ’s-,’ s - h s-’ompoS itious-s agree wi l ls- the value
- 10,1s- - - - -of x 0.47 previous ly m’cpom’tcd fou’ ths-e s-’ om is-poss -t ioms - of Cs-a lm s- 1 As th at us hatt is- ’e- uus-at ched

to In is-.

For thos e growth solutiotis s-hat vic ’ LcIc c I lat t i c e—ms - s - at c is - c h have n ’s - the liquids-s-s data am’e sIs-owus-
is-u l ug. II h— s-’, where l’~ (uppe r gz’apiu ) as-s -s - I , t he com ut ’em utratious - of Ga in the solution (lower

grap h), are plotted agaius-st As , t he  s-’ s -s - is - c ’euut rat i o us - of As its - the solution. l”iguu’e (11—5 also i i i—

eltus-hes data h is - -i’s- i s - s - usls - reported Liv Nags-n and Nogus-’b s- i 
12 and Liv Pearsahl et al..

1 win ch are in

good agu’s-’s-’ui s - u,’m it with the prescus-t m’csults, aus-s-l the data of Uachns-aus-mi and Shay,14 which are us-ot.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I ’s - g, I I I ’S , 1,is -t s - s - s - ths -s te m’nperats -s- re (s-upper
gr a ph) anus-h Ga concentration in growth 

-
s-u s - s - i s - s - I s - s - s - i s - I lower graph) p lotted as - Zaim is t As
concentration s- n grs-)w t ls- ss - ih s - s - t  ion for I - I-t(’ -

grs-s-s-v th s - s - f la t t ice-matched Ga ,In As -- O . 4 s -  0.~ s - t
epulas-’ers cs -fl 1 2 1 1 ) 1 0 —  as -md hOO b— o r ie n ted ~ -

ss - s - h s trs - s - t e s s - i Ins- P. 

~~~~~~~
- ii,-, u,yum I

0 2 4 6 0 iO is-
ATOMiC PERCENT OF As IN THE LiQUID

The data in Fig. 111-5 demonstrate a marked effect of substrate orientations- on epilayer corn-
position , which is-as been reported earlier for Ga

~
In4~~

As (Ref. 10) and also for Ga
~

Its- 1,,~
As

~
P1 s - ,

( Ref. 22). For both substrate orientations that we have investigated, lattice-matched growth has
been obtained over a range of As t va lues from about 2 to It a/o. In each case , Ga1 amid its--
crease as As 1 increases. For a given value of As t , the values of Ga 1 amid ‘i’s required for

s - s - i
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IV. M I C R O E L E C T R O N I C S

A. MONOLITHIC SILICON BOLOME TER S

Broadband radiation detectors in the 1- to 30-cm 1 band which will operate between
0.3 to 4 .2 K are under development. For this purpose , a bolometer-type, silicon detector
is being fabricated. The entire bolometer structure, illustrated in Figs. IV- 1 and IV-2 , is

etc hed out of single-crystal, high-purity silicon wafers, The actual detector area, which is
5 mm X 5 mm )< 10 ~im thick, is suspended by four narrow silicon “spider ” legs from a
150-1,s-m-thjck silicon frame. The spider legs are 3 mm long, and have a nominal IO-~ m-t hick X
50-~ m-wide cross section. The resistance thermometer in the center is designed to have a
uniform, 5-percent compensated net donor density of 3.3 X tO~~ cm 3 to a depth of 0.55 ~s-m.

- 
- This is accomplished by a series of five phosphorous implants, compensated by an addi-

tional series of five 5-percent compensating boron implants . The design goal is a device
with a radiation noise equivalent power (NEP) of 2 x 1O~~~ W/Hz~~

/’2 at 1.5 K with a 1/30-sec
time constant.

The silicon wafers used for this detector development are (100> float-zone silicon doped
with phosphorus in the range 1000 to 200 ohs-n-cm. On each 15O -~im-t hick, 51-mm-d iam
wafer , four 15-mm-square bolometers are fabricated. To form 0.1 -rim-deep ohmic contacts

16 -Z - -to the resistance thermometer, an initial arsenic imp lant of 2 )( 10 cm at 150 key is ins--

planted through a molybdenu m/gold-on-Si02 mask. After an additional photolithography step,
the compensating boron-implant series given u- u Table IV-t  is performed. The phosphorous-
implant series given in Table IV-2 is performed next to achieve a net donor density in the
3.5 x to 18 

cm~~ range. All implants are then activated in the course of a passivation oxidation

- ‘ in steam at 900°C for 15 m m .  followed by a IS-mm . anneal in N2 also at 900°C.

At this point in the process, chrome-gold is deposited on both sides of the wafer, and the
wafer is photolithographically processed and etched to form both the contacts to the As imp lants
and the etch mask for the silicon thinning step. The resistors are then tested at 4.2 K , and

normally exhibit a temperature variation approximated by

R( T) R0 exp (T/T ol
t/2

where R0 and T0 are curve fitting parameters. Usable devices exhibit au R at 4.2 K of 8 X IO~
to 4 x 10~ ohms. Approximately 20 percent of all devices fabricated meet this criterion.
The reasons for the low yield are currently s-under investigation. Two possible problens-s are
ion implant nonuniformities , and incomplete activation of the entire series of ins-plants at the

activation temperature of 900°C.
Subsequent processing for the bolometers includes an isotropic si licon back etch of

the active bolometer element to 5 to 10 tim, and a hydrazine anisotropic etch on the front
side to form the spider support structure. The bolometer is completed by the evaps-s-ration
of bismuth and Sb absorber layers on the back side of the active bolometer element (see
Fig. IV-Z).

f T -

-
, 

WIC~D11G P~~~ M~ 
- - -

31

- —



,.s--,-,. _~~~
’
~~
”

~
’ I~~~s-s-r “ ‘s-s- ‘ ,“~~“~

‘ — -  
‘~~~~~~~~ r’~”s- ‘~

s-s-’,
~

- s- 
~
“ -s- s- s- 

~~~~~~~~~~~~~~~~~~ ~~
“

~~~
s - s -  is- s- s- , ,. ______ 

,

~~
s- . . s--

~~~~~~~
s-.s- --s---

~

-s-’--

~~

, - —
~~~~~~

I 

METRIC 1 2
I i i i li i i i i ;i i l iii i it

Fig. IV- t .  Integrated silicon bolometer ,
_~~~~~~~ ..~~~~ 

- .“~ -us. s- iS X iS mm. Outs ide frame is 150 ~s-m
thick, while center res istance thermom-

I • 
eter and “spider” legs are 10 ~im thick.

___________________________________________ Width of legs is 50 ~s-m. Bright bands al
- each of center section are gold contacts

to resistance thermometer.

i s - s - u  ‘ s - s - s - u i  cs --i , . sot’b, s- ocs-o A
‘, - s-MFLANTEL’ REss-S’ANC E

T s - IFRMOUETs - RN ~~
I - - - - - 200ii -s - s - , FLOAT s-is-Nt • s-s -s-s- ) .

Iota ,. ,., 
~ ‘1

-1-— R AMs - s -TN ABSOR8ER LATER ,
1’ - ,,

a. s-M PL as-us-
i , ‘..,~

,,,,,,,J ,~~ 
“ “ s- s- s-v,,”

-

, 

~~~~~~~~
,s- .

Fig. IV-2 . (‘ross-sectional diagram of Integrated silicon bolometer with detail
of absorber s-s-nd resistance thermometer.
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TABLE IV— h TABLE IV—2

COMPENSATING BORON IMPLANT PHOSPHOROUS-IMPLANT SERIES

Boron Dose Phosphorous Dose
-2 Ion Energy 

2 Ion Energy
(cm ) (keV) (cm ) (keV)

4.50 ’ i&2 135 8.75\ 1013 400

2.74 ‘ io
i2 80 5.25 \ ~~13 265

- 

- 
1 ,68\1012 50 3.32\1013 160

1.06 \ 10 12 33 2.19’- 10
13 105

7. 9 0\ 10 h1 20 I.40 \ 10 13 65

The detectors that is-ave beets- testes-I bs-s-iiave as expected from fts-ts- ir res istamics- ’ —vs—t ens-perat u re

c’s -s- u’ves anti tls-c’ir geometry. Cls-ai ’actc ’ristic’s of sos-s-s-c typical devices are giv o ms - ins- l”ig. IV — 0 , ‘l’Is-s-’

time constants are independent of temperature from 4.2 to 1,5 K. The thermal conds-uctivity vs

temperature shows a T 3 dependence and gives consistent values , both at high- and low-bias

powers. ‘l’iie s-’XCCSS currems-t ns-oise ( I/ t ’ ms-oisc) at opt iis-s-uns- bias its- tluc best detectors is less tis-aus-
(Is-c’ Johnson atid pis-ous-on noise at frequencies greater than 5 l Iz .  ‘l’hesc detectors have ras- Iis-s-t ious-

NEPs In the rats-ge of a few times ~~~~~~~~~~ w/ tiz h i~~ at 1.5 K with single time constants of a low

milliseconds. Wills- optimization of current fabrication techniques, mnc ludmnig i’es-Juctiouu of t l s - u ’

TEMPERATURE td .g )
4 2  2 s - , 4

s-M -

1 1g. I\’ -3. Resistance dependence on
temperature for three typical silicon ;

-i~~2 E
Integrated bolometers. T expo- ~nentlah behavior Is clearly demon- ~strated. Significant change in rests- ~ 

-

lance in range below 4.2 K allows for ~ ,

very precise cosmic background radi- ~~ s-~o~ - ‘

ation measurements. .

~~jTj~~~~~

s -ok 1 . .I~ — - 1
Os o s 02 cs-• 0.I

I s-s -
js- s- s- A I
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s- Is- ’ ts - ’u ’ toi’ this-’k s- is - s -’ss to s-i ~s-ns- s - s - s - s - I  t hus-’ spis-is-’i’ leg s- u’ s - s - ss  Ss-’s- t ies - ti Is - i •~ ‘s- \ ‘ s- s- us - i , t hus - ’ s - Is - s igis- s - s - s -,s- I u ’.is-hia —

tious- N I- 1’ of 2 \ t 0~~~ \ \/ I( ,, t “ s - i t 1. ” K withu s- I t 0 — s s - s -s- - h umus - , ’ s - s - s -s - s - s I~is - i s -  sh i ouis - I  h i s - ’ m ’ s- ’, s - Is - : s -’s - I,

h i . s- I. Si lu s - ’ r s u s - s - u t h s -  Il. ‘us-. i s -u s a s
-

.1. I’. Is - o t s - ts - s -’1I~ I’, \l. I s - s - s - u ,, s - us - ’’,
II. ‘us-u , \ i s - s - t s - us - t . i i m s -

It. (‘ h i  \ u ( ; i - : — v ’ s - s - t l ’ l . i s - : i )  t u i - : \ R’ I - i-s- S -\ \ \  ‘ ( ‘C l)  l It  1 - 1 1 : 1 1  \ I Is - : \ l t ) i l \

l’is-s-’ fin’st S~\W / (s - ’(’1) bufl’s- ’s-’ u s - s - em s - s - s - s - i ’ s -  s - Is - ’,’s-s - s -’
t Is - s - u s Is-e’.-mi ,us,-u s- ’us - iIs - Is - ’ s - is- s - s - mis - I s - v s - I s - s - s - s - is - s - is - u s-s-i’ the s- s - i s - s - u ”

pls-’ts-’s-I s-s-us - s-it i-s-u its - pi’ogm’ s- ’ss. ‘l’hs-is report t s - i s - is - 5 s - ’ s s- s - us - t l i s - ’ s- Is- ’ hs - i i t s  s - i l  t his - ’ p’is- Is,s -1i s -’ s - t s - ’au gui a s - s - i l  .s - - - —

sets -s -bl~ ps-’oe’es-huu’s-’.
‘l’hs-s-’ pas-’kag ius-g u t s - i S~s-s- ’u\ ( ‘(‘I) s - l s - ’ v i s -’ s- ’ is a s -’ Is - a 1 ls -’ u i gs - s - s -~: pu’o Is - Is-’ m i s - .  l’t’ s - ’ v is - s - s - s - s as-- s - s - u s- a s - s - is- s -I c ’s - s - u ’ s - s -

s- I s - V  ~s- ’ s- ’S sus-,’hi as t Is-e s- ’ s - s - m s - vs - s - Is - -s- ’ m ’  s-n’ t h u s - ’ u i s - s -’ u s - s - o t ’~ co u ’ rs - ’ I , s - i s - s - u ’’ ’ s - Is - i  ms - ut u’ s- ’qs - u it ’ s- ’ am lu s- - s - s - ms - s - i s -s- s - s - s - s - s - s - a  Is-i

tls-e fu’ous-t s - s - i t’ s- ’ ot the si lis - ’ e s - m s - s- ’ hs - ip. I Is- is- ,, s- ’ V s - ’u’ , its - or s - hs -’u’ s - s - s - u ’  .1 (‘(‘ i Is-i s-s- l i t ’ s - s - s - I s -’ , s - i t  is- s - a t  I .~ s - s -s - ms - m it’s- ’ —

t ics -ms - s ms- its -st be is-s -as - Is-’ to th us - ’ t’rouut s ur ts - tu ’ s- ’. I’’u n ’ t i s - s - ’ n ’ m s - s - s - ’ m ’s- ’ , t h u s - ’ s - m m s - ’ t s - s - l h i . ’ s - i t ioms- os- i s - i  ((‘I s - s- a a lms - ms -s-st

I ~s- us - s - thick. It’ tis-e’ gap Is-s- ’ twes - ’ t s -  t hus - ’ pt’ ops-igs-itius-g i ’ s - s - u t ’ s - s - s - - u’ us- s - s - v t ’  as - s - s - h s - I t s - ’ s t i m ’ l s - s - s - s -’ s- s - I thu s - ’ s s - ’ s - s - s - us -’ o ms- —

s- lus -’toi’ is to lu . iv s- ’ t his - ’ u’es-iuin’ s- ’s- I s p u s - ims - g of li’s-s- i’s- th i s - s - m u (I,’s- Is - is - i ,  t Iu s - ’ m s - thus - ’ li t huiuu s - s - m s - t s - s - i s - s - s - t s -’ ( I s- \ t s- ( ) .1

S!l\\ s- s - m ’
~ s- i t s - s -I m s - s - s - s - s t tue us -s -as - li’ tis-s-rt’os-vs- ’u’ thi s - s - us - liii ’ silicous- s- ’hii ps- its - i’s - i ts - l u ’s - s - st to Is- rs -’ s - s - is - s - s - s - a  Is - ’V i s - s- ’ ’

whic’Is- s- ut ili.’s-’ s - i ms - as - ’ i ’s- s -w si lis-’ouu sI t ’ s - I s - s  pIs - s - s -’ s- ’s- I s - i ts - top s- it’ s - I  i’ e l s - s - I i v s -’t ~ s-u us - Is -’ y— -~~\~ s- hs - ’ ls- u~ u s - s - c .  ( u s - s -

s-is-s-s-st s - s - h i s - s - i  h i s - ’  takes- i Us -s - ut h u t ’s-’,’ is us-o s - s - u s -’ ts - s - l l i , s - s - I s - t s - s - l  s - its - thus - ’ su it’s-s -m u i ts - his - c ’ reg is - s - ut s-as- ,‘ m ’ Iu s - s - s - g  t h i s - ’ ~~~\\ ‘u

s- n’’, s I s - s - I .

I’hs-s- .’ ss-’ his- ’ s-is-c s- Is -’ ye is- s - ps -’s- I ts- i is-uI vi ’ th u s - ’ ss-’ p n’ot s-l s - s - i s - is s- a is -s- i si’s- I s - s - us - its - ,’ Ic ’s- ’ hs - ts - iqs - s - e  s-u si’s- I Is - s - u ’  thu e s- s-s-mu —

volvs -’t’ s- s-s - s -s-h h’ou’ t his-’ us -s-ems - s-om’u s - s - s - u’s - ’s- ’h , s - tou’ ,’ ‘ ,u s - s - I  is ill s- s - st i’s - s-ti’s-I its - h ’ i s - . l\’ ’l. ‘I ’hus - ’ .s-s~ s- ’s - i s - is - Iu ss - ’s- ps - s -’ ms - s - s- ’

is .0-u hollows . I s - i n ’ s - i t ths - s -’ (‘ ( s - h i  s - his -’ s - s  s- ’ps-ix ic’s - h Is- ’ s - u gols-I ps-s- s -I ous- thus -’ Ks - s - p It s - us - s is -es -’t . s - s - us - s - I  s - s - lun s - s - s - m us - s - tus -
s-u- i u.s-s -s a u’s-’ tultrascs- t s- is -’s - s-t l~ hots -s- it’s - h to ps- is-Is oms- th us - ’ ( ‘Ci t  s - s - m s - s - i to gols-i u’s-s-u id s -us - ’t un’s s - i t t  t hu s- ’ its -s -cs -t on . ‘l’bts- ’s-s-

ths - s - s - Kaptomu is at las- is -es - i tcs- thus -’ h u e s - s - s - h e r. s - s - I s - i s - l u  I s - , s -  i-i Is- i’ s-’ViOUSI Y ls -s- ’s- ’ ms - t ’ i t t c s -s - I  s-v ills- gols- I —p lats - ’s- I kos - ’s-s- i’

ls - ‘ s - i s - I s .
4 

I, ‘Itt’s-u sous- is-’ s -i lI~ hors-s - Is - ’ s - h a l o ts - s - i t s - us - s - u  s-u i s - i ’s at’ s-’ s - s - s i’s- I Is-u s- o m i t s - s - s - h  t hus - ’ s - s - i t s - s - h i t s -’ to Os os - u t hus - ’ I~ s - s -c u ts - s -m u

to t Is-e ic’s-is-Is is- s- thus-’ Is - c s - s - s - Is -s -c . -‘u pluotogt’ap Iu oh’ s- u (‘ - 
h i  silk’s-its- ‘s- vs - i t’s- ’ m’ - h”.s - u p t s - i ms - s hi s - ’c’t , s - i s - s - s -I hus - ’ s - s - s - I s -’ u’ .

zs-sss-’is-s-bles-I s-s -s s- 1s -’ss - ’n’ j bs -’ s - h s-s- hs-s-v s-’. is i-s- Is - s - s - s - u us - is- i (“1g. I V — ” .

‘l’ls-e Li Nb(,) s- I s -’ls-i~ lius-e is-as gs-s-p Spiis-’et’S s - s - ms - s - i  s- i li gm uus - ier s - t us- is -s- i ’ ks thus -it ws -’u’e ivies- — Es- i ’ s - s - mi s - o hs - ’ i s - s -’s- I its - t s - s-

th s-e ss-s-u’t’s-s-s-’e oh’ (Is-c cr st s - u l .  ‘l’hs-c’ ci’s- s ts - s -l is is -s-i’s-’ hs - s- s - s-s- k’ s-s-ll~- gt ’s-u s-uuts -i its -to s- u s-ho~,i — l s-otus -’ s - hs - s - s - pc its - s-in’s - hot ’
to ls- ’a vs-’ roous-s- I’or th us-’ its-pts -t traus -sds-us-’e r s-s-is-s-i s- i t s -’ s - s -’t tu’s -s-ts-~ e1us-,’s-s-u’ s - s - h this - ’ s-u- i s - I s -’ s - s -s - s - s - Is, s-v lu ils -’ us -s-akuu s- g thus -’

s- ’s- ’us-ts - ’r s-s-cc tics-i of tis-c s- ’ s-’v stat (w Is-is -’ Is- s-v ill s- s- s - s - u ’ m’~ t h e  sO rt’au’s-’ s- u - s- i to s- s -s - s- s -n’ th us-’ s i l l s - s - s - m i  ss - tu s - s- pu t s -  g t ins - go u s )

ts - s- s -s-’row c’s-s-os - ugh us-cit to tous-’ Is- th e’ thuic ’k us-s- e t s - s - l l iz s - s - t i , s - is -  on tIs -es - (‘(‘ I) pou’tious- oh’ thus- s- s-’ Is-ip. (lf thus -’ S:~W

s- ’rvsta l ws-’re s- s - l lows -’d to tot s -ohs - this- (‘(‘I) us - s - es -tall I .!s-utionu . Us-i’ gus -Is- s-s-’eiuls-i be s-Ic’ts-’t’ ts -s -iu ues- s-I by thus -’ ns- u s - ’ts - uI

rat lus -s-u ’ tIs-itus- Is-’. this-’ spacers ous- the S:\W s- s - n ’ i s - s ts - ’s- l,) ‘l’is-e trats-ss-Ius-’s-’s-’s s-s-i’s-’ s-’ous-s-s-s-!s-’ts-s- s-I ts - s - t is-e is - ups - ut

nus-atc’hs-iis-g ius-s-Is-ut’tors with ultrasonically bonus -hs -’d als-uis-uinttnu us-s- i re’s. l”igs- u cc I \ — a shs-es-ws s-u S ‘uW
s- ’r ’i’Sts-s-l ns-os-uis-ted os-i s-u base’ s-s-ns-d cs-s-as-tv to is- i’ us -s - us - ti ’s- I wit lu tIs-s-’ sili s-’ou s- —i ’s- s-s-pIous - hu e s - u s - I s -’ s - ’  ss-uI s-ass s-’ui’s- is-h

‘( ‘hue si Iit’os - s -— tueus-s-tcr stubs-isss-’nubly is pls-toi ’s- h ins - s - s - ns - s- s-~~sc’tis - i s - l~ Jig. s - its - s - h s - l us t  ps-i t ’ t  is - li’s s- s-ti t Im , ’

I .1 \ts-( ) s- t’ \ sts - s - l  as -s -s - I sil is-s-on sort’s - s - c s -’ a u’ s- ’ e’o ms - s - pls- ’ts - s -lv s-’ e ’ us - s- ov s -s -s -t b~- s- u vs - u ris- ’tv  ut s-s-s-eel s-s-s-s-s-lo s-s-I ts-’s-’is- —

us- iqus-’ uu (Set’ Sos- ’. V — It is-u Us-is re’Is-oi’t I. ‘l’iu s -’ Li Nls-O s- ’ u ’ s - s hah is thu s -s- us - : u s - ’ e s - s - t ’ s - s - h s -’ hv Ps-s-s it is- imu’ s- I tis-’i’ m’ thus - ’
sit is - - s - s -mi ~~

‘ itls- tlus -’ s- i is - i  s - i t  s - i l  igns - s- us - s- ’ is -t is- us- i rk S anti pot’ sss -s - s - t  s- u ps- u i s - s - s t  thus -’ s ii is-’ot s- . - t hus -’ is- s-us -’ ks-u gs -s- is is- il ls- s- s- i

wi t ls- s - I r s -  t uitrs - ugs -’ tu s - i ts - s - h s - -s - s - ’ s - i ls- ’s- I.
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Os-s -es- dev is- u s- is-as bs-’ s-’ us- s - s - sseu s - ib ls - s -s- I s - s - s s -k ’ s -us - ribs-id, as- id the (‘(‘1) s - s - u s - s - i s-S s--\W ctev is - ’ s -’ s - s - have’ bes - ’ rs - sep—

s- i s - ’ zs - t c ’ l v i’ s - s - i  i s - i s - s - I t s - i l .  ls- ’is-s-ai tes- stitig of this-’ s-’ ons -plote I s - s - s - i  cs-  s - s - w -,ij ts it s - ts - ’grs-t tious - of t h e  separate t i ’s - it
S c ’  Us-ps . I) . L. Sns-vt I~ ’ L. 1,. (s - rs - t t s - t

H. ‘us . Haistoms- ‘I’. I - . (‘loug l u

C. I’ Ihs - ’ uilGh —CO t PLEI) l)EvI(’i- :S: L’ui,-\GI s - HS

s - i t s-c I’ii’st hybrid arrays of 100— X 400— c’ lenie ms- t CCI) ins-aging devices have bt’cn fabricated
for h it’ (~ t-~4,) l) SS (Coos- its -s- h Electro—O ptical I)s-’op Spacc’ Surve illance) progras- is- . These arrays con-
sist of two ins -s -aging i- h i ps ns-os-un utc h oms - s- i cots- ins-on substrate , as- id arc to be s- us e s - I in the first tests

of s - s - us -  optical s - s - ios - - i s - s - g  ts - s - s - ’i u ’t is -s-&h is-’ator (M i ll  su s t em s - i  ts-or aes-toniatic ss-s-telli tc detection.
Its- ;s-ret’ ios-s-s i’s-s - ports, s-i proposs-’s- i }s-y brich s - s - i ’ m ’ s - s - v  of 100— X - l00— ele ns -c ’ t s - t  (‘(‘I) ins-agers was

s- te ss - . n bc’s-h cors -sist ius -g ot Ii ch ips ars- ’a us-ged in three colts - m s- s - s - s - s . s- I’Iis-’si’ chips us-s-ust be prs-s-ciselv

locates - h on th e’ ss-ubstrate to ths-e ex t i ’s - ut  Us-at (lie positios-s-al error of any chip is rnu s - h u less th is-its - this-’

lts-s-hivis- Iual lims-eas-’ cell s-hirnets-sion ot’ 30 s-rn. Il _v s-s - it s-a s- s- s of techs -ts- iques previously described,” ar—

t ’avs of ds-uus-s- rn’,,- ohs- it s-s Is - s - i s -- i’ beets- asse s -s- ibis -s -s - h to w it ls - its - ±3 — p~s- s - ai-c uracv.  Hs-iceus-t wafer ruts-s of thus -’
CC)) ins-s-ugc’rs i s - s - s - to  v is - ’lds-id chips of ss -s - ff is-’ic is-s-t qs-s-a l itv to begin asseu s-blius-g prototype a r rays  01

- I two s - ’ l s - ip s s-’a s - i s - .  Photographs-s of this -’ t’irst stud s- hs-yl )s-’OI s-s- re sh s-owts - in Figs. I\- — Is - s-s-nd IV — 7 . In

I- ’ ig. i\ s-~s- the s s -s - bstr a t s -s - with t he  two C(’D cis- ips is shuown mounted in a 40—p in customs - s- ’ s-’n ’ as - l s - i c

package. Outside dirnets-sions of Us-c package are s- s- .t x s- . I cs- s - i.  Details of the fabrication of t ls-e

two-layer t Is- ius--t’Il s -s - s - substrate cars-’v ius-g l)C a m s - s -,t clock lilies are foumid its- a previous reportY The

three sm all chs-ips to the s-’ighit of each irns-s-ger s-’onslst of the load resistor for the rs-IOS 1s-’ET
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t s - s-

11g. l\’ -6. Photograph of s-~-c’hip CCI) hybrid Fig. IV-7 . Photograph of 100- x 400-element
imaging array. Substrate is mounted in a CC)) chips of Fig. IV -6. These chips are po-
40-pin ceramic package and is designed to sitioned to an accuracy of 4 him with respect
eventually accommodate 16 imaging chips. to each other, Clock and l)C lines can be

seen in two-level stubstrate. To right of each
C(’I) is an emitter-follower circuit.
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detector os-i t lus -s- imager chip, and a bipolar trans-sistor ats-d load resistor in an ens- itter-fo ilows-’t ’
s-’ouufigs-uratics -ms- to s-Irive the cable s- ’s-s- pas-’ itancc’ leadlzs-g out of this-’ I)ewar in wh ich the s - l i ’ s - i s - c ’ will lw’
rnouus-tes-l. Two of these arrays is-ave been asseuis-bled; the placens-etit s- ii’ s - s - s - racy of the s- ’huip ps-s- irs
w iths- ris-spect to is-acis- other was within 4 as-s-ct 10 tins-. The CCI) chips s-s-re locates-I slighs - tly h’as - ’ thu e u’
apart thats- this-’ distance intended in tis-e Initial substrate desigts-. tis-e reason beius-g thus-it (is-i’ sepa u’a-
lions- bctws -’ s -’ mu chips deters-nius-es t he memor~

s- size needed to store the video data frozs -u t hic s - first

s-’ hip before s-’oius-parison with (Is-c data Irons- the second cis-ip. T ue sans-c 100- \ 400-d ens-cu t de-
s-’ii’e’s arc s-s-ow being considered for use as the mens-orv devices. Optins-uns- use of tis-is cls-ip for

data storage occurs when thur imager cs-hips are spaced such (Is-at the separatiots- of correspos-s-s- i-
ims-g s-’ells on (is-c’ two s- Is -s -vi s- ’s-’~ is an integral multiple of the \‘ — s -iizuiension lets-gUs- of the its-s-aging

~~ are ’s-i , or 0.UO is-i.

Me:s-surs-’us-s-et-its on recent devices had sluown a marked ins-provets-s-es-s-t its- t rats-sfer s- s- f f is - ’ is -’ mi s -”s-

and output m’ s- ’g isti’r dark current , while this-’ imaging portion of the device still ss-’s-’ rns- ’d to h ays-’
dark currs-’nts ins- excess of 100 nA/cm 2 (see p. 41 in Ref. I i. It is-as be’s-s-n discovered that the huigh

s-lark currs-’nts s- i t’ s- ’ largely the result of a des- s -p n~
’ diffusion kept on this-’ back of this - ’ s-s-s- s-i f s- s - i’ th rough—

out the process to provide gette ring and inactvertetu tly not removed at this-i ers-d of (lie process.
Elcctrous-s from th is s-s- i Is - s -y e s - ’ cs-as-i pass through the neutral p-type bulk of the device s-unch be s-’ol-
ls- ’s- ’tes-h its- the (‘Cl) ciians-s-els at the top of the chip. Ths-is electron flow througis- (Is-c tis-’utral bulk
is governed hi~ d3ffs-lsion and c’s- its- be cs-ulculs-s-tes-i to be as -us -s - l u less than I is- s -\ / s - ’ n s -” of curreus-t. I low —

ever, when the large-area ins-aging array gates pulse to (Is-c it’ Is-igis- state . tIs-cy capacitively drive
the p-substrate into temporary forward bias withs - respect to t he n s- bas-’k-side skits-. Th is cas-uses
a surge of s-’ lectros-s-s to flow its-to (hue p—bulk and eus-hiances this-’ is- ct t’low of s-’ls-’s-’tt ’oms-s ins-to the (‘(‘1)
wells. ‘Fhie effect could be elm s- m ated by reves-’ss- ’— biasing (hue s-s-

4 layer with respect to (hue
p— substrate s- but the most cos-s-vs- ’s-s- ieus -t s - s - s - s -s - ti’s-os- i for s- (s -s - v i s -•es  ali’eadv packs-s-ge’s- i was to rcs-ius-’e (Is-c
ris is-s-g slew u’s- its -’ of the ins-aging array clos-’ks to 1e~ s (is-as-i hO \‘:I,iss- ’c. Future devices, of cos-s-rss-’,

• will have the s-s-
i skin rems-oved before packaging. With the reduced rise-tits-ic s-s-locks, des-vices

previously foes-s-id to have highs- clark cus-’rents have been ns-easured to is-ave dark curres-s-ts as low
as e n,-~~’c ns - s -~ over (is-c entire array with the exception of a few columns of dark curreus-t “spikes.”

13. K. Burke W • 11. McGois-agls-’
T. F. Clougls- I). s-i . Silversmith
L, L. Grant H. W .  Mouts-taj us-

B. CIIAIIGE COUPLED DEVICES: PROGRAMMABLE ‘I’RANS\’ERSAL l”lLTEH

A prototype device consisting of two 1-bit , 12-tap ( ‘(‘I) programs-ms-able tras-s-svcrsus- l filter
(PTF) sections which are capable of perforns-ing binary analog-sans-pled-data correlation is-is- s
been testes-i. The ds-s-vice has performed maId s-ed filtering of a 31-bit. niaxiis-ial (~\ I) ss-’qut’uicc s-
at a 10-Mh z data rate.

A photons-icrograph of t h e  device is ahowts- ins- Fig. IV-8. The s- ’huip size is 0. h 0t s - \ 0. 11$ ins- .
This device has an on-chip aerial-in/ parallel-out. n- MOS static sh ift register for storage of a
binary reference code. Multiplication of the aus-alog input and binary rcfs-’s- reus-s-’e is s - s - s -’ hs- is -’vos- I s - us-

lug the logic states of the shift register to control the Input-diode levels of (is-c CCI). l’huis its--
put diode controls the signal-charge flow into the CCD channels.8 If the sh ift register is s-ut a
logic-low state, signal charge can flow Into Us-c CCD chs-annels, w h ich correspots-s-Is to s-s-s-ult iply -

lug the analog signal by d “one.” If the shift register Is at a logic -highs- state , ns-o s-s - is -a rgs-’ can
flow into the CCI) channels, and multiplication by “zero” is perforns-ed. As s- ’aus- be see’s-i irs-
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h s - s - i~, IV - i~. Is-holograph of Is-T i” chip containing two, I-b it filter sections.
‘~s- ’ s- ’t is - i ts -  s - i ts -  h i ’ s - I  ins-’s-s-I’pors - s - t es  - s -I s- i l’s- register ivith sts - it ic latch, s-vhi le section

s - s - t i  t’igi s-h s - s - sos os-utput —enable s w i i s - ’ hs -  to control ins-put to CCI) dels-s-y line.

l ug, I \ -5. s-in s- this - ’ s- ’ighut — I s - s - i ns - s - h t’iltc’ n ss-’s- ’tion s- s - s - m i t ) s - s - tp ut - et s -s - lb le s - sw its-’hs- (see p. ~ts- its- Ret ’. 3) is uses-h as

- i  buffis-r his-Is-vs - s-ens - thu s-’ shift rs-’gs- sts -’ m’ ams - s - I this-’ (‘(‘1). Os-u t u e  le f t—i s - as - s - s - h  ses-’tioui s-i latch circuit is its- —

ci us- hs -’ s - h s- s - s s- i his-then s tom’ s- ’. I )v us - s - i s - s - s - is -’ (c ’s--i t i’s-’ss-uht s s - s - s - s - I i i’ s - s - is -’ this-i t bothi ves- ’sios - s-s of referens-’e storage

pe r o  u’ns-s- s s - s - t  s - s ! s - s - s -’ t s - ut ’  s- Iv . I io~ e s - s - i’s-’ , s- s- on’ this-’ r’ig hs -t —hans - i filts-’ i’ thus -’ s - lo s - icc ’ is es - t i’c’ s- s - t i v s -’Iy s-s-el funs-c’(ional

us- Is - s -li’ s- i s - s - c ’s- u u’ es- I’e s- ’es - s - s -’ s-s- s- s - u s - Is- ’ us tui’ i tig s- los- ’ ks- s- il s- s - s - to his - es - sh ift rc ’giste i’ . \‘s- hue’s - i (is-crc is- i a refos- ’s- ’ s - s - s -’e’
latch, s - s its - the’ l e f t — h a n s - u  t i lts- ’ r. t his-’ s- h s -’v is-’ e is s-’apable os - Io:s-s-hins -g s-s- s-id ’s-v c ods-’ wh ile ths-e s- ’os-’re ls-itioms-
s - s bs- ’itug ps-’ s -’ hs- o u ’ ms - s - s -’s- l s -s - - ithu a pnes-vio s-isly is-xs-s-1s- ’s-i s- - os - Is - ’. Os- s- Is - t ps- se’s-’ is n’ es-qs-uin’ec h to para lle’ l—t rams-sfs-s-r

t his-’ u’ s- ’ is -’ u’ s- s - s - u i’ s- ’ ft’ s-s- us-i this-’ shui ft n’ es - gi s ts- ’  n’ to this-’ ls- s-ts -’hu wit h s- is - u e’quiv:s- lent s - Is -s - s - i i’s-’ “ s- leach ” t itu s-’ . ‘I’Is-c
n’s-ins -s f s - s-r ti us - u s- ’ s- - s - i t s- be’ h’s- u s-’tht’i’ i’ed s - s - s -’es-h i s - s u ’ e s - h s - ms -- imug tIs- i’ ihs -’ p Is -’ t Is -)ts - —l as - s-i r s-’apas-’ itaus-cs -s- of ths -s - ’ C(’ I)

inps-s-t s- is -os - he. h Is - c s - s i ’ u’ s-s-s uits i t is - ts -  s- s - i t s - ’  th is -i t s-u (‘(‘I) trs-s-s-usvs -’rss-s-I filteu w ith s- s-s- shuift u’s-’gistes-’ ans-d latch
s-s-tort’ us- ill be’ ns-s-ore’ pradt is- ’s-s- l h’s -s - r ss sts - ’ ns - i s-s - pphis - ’ s - s - t i s - ) t s - s W Is-eu’s-’ fs-’eque’ns-t u’efe’neus -ce e’ode s-’hs-a us-ges s - s - i ’s- ’
ne’s- is-uirs-’d . (‘os-s-se’qucntls- . his- is vs - rsions- rc ’fi’ rs - ’s -s - ce s h o t ’ s-’ is it uts-’ns-de ’d for use its- t he  fins-il c—bit
ti lts - s - cs (Sc ’s- ’ p. s-s - s - s -  s- s-u i~~i’f . s - i .

‘I s - i detus-onst rate progran uinu is-s-bhs-’ us- iat cls -ed fi ltering s - is -’ a I — Is - i t ,  I’d —sequence , pses-idonoise ( PN)
code. bs-uth t’s - ) ter s e c t s - s - s - m s - s  were s-used . T he  ( 1  -b ( t  h ’ N sequence was fed to dine refereus-ce shift
register , and (Is s-’s- s - s - s - ples- iuen ut es-ode ts - this- ot is-er. l’ hs-ese codes are s e ’ s - i s - s - I l v  loaded and peruis - a—

nent ly stored in the latch s-’irc iuit of the left  — iuans - d filter amid tus -  the sh ift register of the rigls - t— hi as - s -d
fiI ts - ’t ’. h’hue ’ os-utptuts of thus -’ two ss-’ u’t is- ins s- i s -’ ,’ suhtrs -s-s- ’t es - i is-xts -’ t’ms-a lls- to e’stab lisis- Us-c differets-tial
‘I , - i i  ws-’tghting. ‘rhs-’ ins - s - ps - misc ’ t’cs-sponiss-’ of t huts- t i l t s - ’  r is shows-i its- Fig. IV — Q (a ).  l’hie tins -c—

reversed :~s- ’s-~s - s - s -’ t s - s - e of t ls-s -’ sans-c s-’ode was t hemu s-’ontinuously (es-i to the CCI) input—signal gates of
both this -’ left s - s - s - us - i right Sc ’s- ’ t t o t s - s.  This-’ (‘(‘I) s - i i ’ s - u t’ s- s- s s - s - n ’s-’ operates-i is-i sud s- a s - s - s - s -v t hat a “ ,‘e m’o ”

signal s-’orrs-s-spons-ls to s-s - chus -urge ’ mis- lwav between the ns-s-s-xin uuns- s-’ Is-args- ’, 
~~~~~~ 

as-s-cl the es-s-s-ply
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K. (‘IIA RCE—(’Ot PLED i)EVI(’ I-Ss- h ’Ito& ’i-:SsINt ;

i’revs-os-s-s reports (Ref. 9; p.4 ’? ins- Ref. s - u ; anti p. 4 s - -  us - u itch’. II Is-ave s- iiscusseel ns- us -’ (huos - Is as - us- i
ts-’i hns-s-ques for fabricating (‘(‘1) devices. A serb’s of s - t c s - v s - ’ i i s -ç s - z uu e ’ s - u hs  s - s - u  the’ ( h - ( ) l  >55 i s - s - s - s - i g s -’ s - ’ ,

t 0

thus - ’ I ’ l l ”  s- sc ’s- ’ p. 47 s-n Ref. c - p. .! n in His-f. 8, and p Si - ins- It s - I , Cs - - as-s-ti thus - - St’s- Vs- (‘I’ I) buffs-’n’ is - s - s -’ ns - s - is - ’ v
( S c ’ s- ’ p. (7 in h{e’f . I) progranis make it tins-s-’ly I ts -  u’ s - - v is - s -us -  s - s -us-’ s u s - s - s - s - u s -  — uvafc s- r— i c i ’ s - i s - - s- ’ u-s- s imug Ss - s - q us-’n s-s- ’ s- s- .
I (s- us ss-’qui’nes-’ s-ms-s-bios fabrication of buried—chus-s-ins-’l s- ’(’I) i is - ’ u’is- ’s- ’s wills- t ransfe’r s-’f’ficii’s-s-cious- s - s - f

QQ .QQ$ percent per stags - - , dar k curres-its es-f Ic ’ss t his - i t s -  s- s-i ’s- s-’s- s - s -’~, anus- i g s- ’t is -s - ra t is - n lifc ’t is - is -s -’ s its-
s- ’ xs - ’ s - ’ s s -u of 200 gsc ’e’. Fus--therns-ou’e, out’ p rs - c s -’s- -ss ing i l l s - s -s - is us-i to ins-tog ra ts - -  is-is-u- —t hu s- ’ c s -s hs -s- ld i’s - s - i l  —

agc ’ n—MOS FE- l’s (n—c hanrs-i’l ms- ’ tal —oxs - s-j i ’—s ihj i’s - c s - s - fis- ’ld ,’fft s - t  I s--rs -us-sis( s-’t’ s I s-’ s- ’quirs-s-d f ics-’ pen’i piu —

s-’ral circuitry such s-s -s shift registers and is - i t s -- Is - s - - s  (se ’ s-’ p 4 1 s-us- U s - I’. I t s-s-n this - - ‘ ‘  D i’hs-ips wi l ls-s - cut
any pcrforns-ancs-- comprons-iss-’s.

The overall process resembles the LOCOS (los--al oxidation of silicon) procedus-xs- for’ ~s- hOS
de’u’ii’i’s-s-

t 1 — 1 3  in w hIch the’ field oxide growths - is prcvens -ts-s-s-l from forms-m ug is-u the s-is-’tive gates- regions-s
by a Si N 4 oxis-tation mask. TIs-js saus - s - s -’ ts-itnide laser s-s-an also sen’ve s-is a diffusious- as-ask for’ (lie
formation of this-i chats-ne! stop is-i a self—aligned fashious-. Its- our prods-s- s- is , this us-itricie layer is also
retais-s-ed on the device to be used subsequeis-tly as thue gate ehielccti’ic. The process is s - s - t i lj ,’ e’d
ces-rrently for the PT!” device , as-id w ill shortly be used its- all CCI) device’ pnograns-s. ‘Flue s its-u-
plest application of the procedure will be for ths-e (‘Ci) SAW buffe r s- u ies -s- s-orv devis-’e. Slighi(iv
more complex processing is required for t he PTI”, s-is (lie peripheral e’ircuits-’v rs-’quires shs-s-s- llow
arsenic sources and drains for hu gh -speed FETs as-s-el Is-igis- reachs--(hs-roughs- voltage pe rfors -s -s -as-s -ce.
T he  GEODSS imager , although requiring no arsenic’ is-s-s- plas- ut , his-s- s ths - ree metallizatios-i les-’ s- s- ls
( two polysilicon and one aluminums- interconnect), a heavy s- ’hannel-stop is-s-iplas-s- tatios -s-, amid as-u
s-s-dditional blooming-control imp lan ta t ion.

~is- s- ii~s- 1
i s- 

Ss-O s-

1 - Poliss-Cits-is-

“ s -
~~ 

‘I ps-~~sPs-~~ ut -s - Mp L iNs-Ecu 
_ _ _ ts-, _ L_O~W_ ,~ \ ,

~~ f Bs-$li(D CHANNe l.
s - n* s -us s - e~ eoRO44—s - ’~pi aN1(o 

~ ~~s-YPs -~ SUBSCRA•s-~
b—h. t- -h

25$cs - ’  SA - , . s - s -  ,s-u Gas- C STO~AGC GAIC
OVE!LAP

Fig, I V -I0 . (‘ross-sections-s- I view showing two-phase (‘CD structure s-vit hs - IO-~uni
polysilicon storage gs-s-tes on first Level, and 6-puns- alumins-im transfe r ga tes on
second level.

The CCI) topology for a buried-chats-mel, two-p h ase structure is shuown in cross sectios-i its-
Fig. LV- 10. This configuration has four gates per CCL) element — two storage gates on the first
metal level and two transfer gates os-i the overlapping second is - s -vs -s-i of s-uueta llizus-t ios-s-. in t he
direction of carrier ns-otion (from left to right in Fig. IV-iO), each tras-s-sfer gate is s-’os-ins-ectcd
to the subsequent storage gate. Within a CCI) element, each tras-isfer-gate/storage-gate pair
is connected to the alternate driver clock phase. ins- order to assure unidirectional carrier
motion, the channel potential of the trats-sfe r gate is hig her (is-as-i th is sans-c vales-c for t ue storage
gate. The channel voltage shift under the second-level transfer gate is accos-uuplished is-v an ion
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is-s-iphs-uits -s-tions- (befoi’e dopositios-s- of the sc ’s- s - i s - s - s - I  — ic - s - - s-il s- s - i i ’s - a i ls - i  it iou s- ) s-using thus - ’ ti u s - st—li- s- -c-i gs-i ts - -s s- s-s

s - i ts - i is - s-pias- ut s - s -s - ask.
s- l’ hs -e ius- ipo rtams-t t e ’s - s - tu s - ’es of t his-.’ (CI) ~s- s- ’o s-- c - s.--s - is -ug ss-’qiies - is- s- ’ i’s - s - s - u be illustrated is - s discuss ius-g

the fabr icatiots- ss-’queus-ce for the P1’!- s- I s - u  u s - c ’. Flue sts -s - rtis-ug is - i s - s - t i-cia! s -s - re (‘zoc huu’aiskl — g rows - u ,

boroui—eioped s-s- tOO > Si wafers w is - ichi s-ire St s- us -as - s- liars-u by (140  s-mn th ick s-u it hs- s-i s- ’esist is-’ it~ of h O  to

I -
~ ohs - mu—c u’s - u. ‘i’ls-e process ing sequence begis- is w itis- t he  “ Is-OGO” (pt’ t -—oxi s- hatios - i  gs- -t tcs -n’irig of this -’

oths - ’s- ’ s i s - i s -’) pi’ s - s - s -’ s-~~ s (see p. 4 s - in Ref. 1 , s-ens-i Hefs. 14 and 15) w h ich e-ot us ists of s-u lie s - s - s -u ’s pis-osplior—

ous diffusion is-s -to the back side of ths - e wafe r l”ig. IV — t  I (s- s - )~. As shows- i is-u ls-’ig. IV — I  1( b) ,  s - is - u ovc i’—

~s - us - s - t (it s- - hs- tituii s -’ s - tL —Va~)Os-’ —depo$it&’d Sb , is applies- I whuic iu rots -s - a i ms -s os-i (hue s - u s - u t’s - s - i ’  thus-’oughout sub—

si’ques-s-t prod- c - is-sing, serving to pre’vems-t outdiffusios-s- of phosphorus as - is - i pi’evs-?uutis -s -g ins-pun’itv s-iopis-ug
t rots-u the as - us - bios - ut. ‘L’ his oxide is - s - vs --u’ , alotig wit h (lie s-u ‘~ POGO is-s-vt’ i , s --s - s - us - be s-’ e’ns-s-oves - i after (his-’
s- he’ s - is -- c ’ u s - i - s - s - s- c s-s sing is fims-ished.

I’ s - -o s - s - I — side procs- ’ssis-s-g e’o is -s -s - s- s -e tu ce s wi th a thorou gh scrs-,s-bbiuig as-ui a s-’ leaus - ims -g step. A t h u s -
Sit,), films-i s-s grown is - - s-i. dry 0, tIC! as-s-s-blent at 1000 °I’ followed by the (‘\ l)  deposition of Si

forming a s-ioubis-s - — les-vol gate dielectric layer. PIs-otoresist is spun on I 1”ig. IV — I l  (c )j  as-id (he’
s- ae’t iu-o c is-anuii’l regios-s- is defined, s-Flue s-uitrj e ie ats -c h (hernial oxi des- Is - s - v o rs arc removed os-utsis - Is-’

the chats -s -s -el region by s-nears-s of plasma etciuims-g and aqueous etdls- imug in buffered Iii-’. Flue boroti

i-is - s - s - s - m el—stop ins-plantation is s-s-ow perforns-edl utilii m u g  t he  reta ins-ed pIs-otois-esist s- is a se lf—ali gs-s-eel

ins-plant mask . as-s-cl will result in 24-V  field threshold s-s- t id breakdowns- volts -s-ge-s (see ’ p.47 its-

Ref. - t .  After the itump lais-tatiots-. the pis-otoresist is stripped its- as-s- 0, plasns-a. The field oxide

is grown using a burnt hydroges-s- furs -s-ae-o at 1000 °C, dus-r is-ig wh ichs- (its-s-c (is-c iius-plaus-t is activates- i

I J- 1g. IV— I  I (dl). The Si3 N4 layer serves as as-i e s - f is -s -c t ivc oxida(ion mask its- cos-s-forns - ity w ith LOCOS

processing.1 1,1 Ins- our variation of (his ~s-r os-- oss im s -g  seqete’s- ices-, howe’ver , (Is-c its-itial thin tiuc-irnis-ul

oxide and CVI) Si3 N4 films are retained to serve s- is the’ gate dielectric.
In ordier to improve performans-ce a Is-o s- -c ’ I \ h h i . ’ s- s- s -s - s- i to minis-flu e- transfe r inefficies-icy due to

sur face states , the CCI) devices s-s-re elesiguieei to opers-ite’ its- the buricel-cIs-as-ims-el as-ode. TIs-is
buried channel is fabricated by ion ins-plaus-tatiots- of ph osph orus righ t thirough (is-c gate dielectric

utilizing negative photoresist s- s-s as-i ins-plant mask iFmg. lV- l1b~’i].

Time need for conupatible, compact n-MOS logic on the (‘CD devii- es- pia e-s-’s stringent require-

ments on the nature of (Is-c source and drain dopis-s-g. Us is-s-g puiotolitliograpis-ic as- ud plass-s-us-s- -etc hs-

methods. (he diode window is etc h ed (Is-rough (lie Si s- N4. aus-d arsi’s-s-ic is is-s-s-plams-(ed thiros-ughs- the

gate oxide, as shown in Fig. IV- 11(f). To heal any possible pinhs-oles at thu s stage’ is-u (is-c process .
a steam oxidation at 900CC is performs-ed.

Using an RF-heated cold-waiL systens-, a film of silicon is s- s -ow deposited on the wafer  and

will eventually form ths-e first-level, storage-gate us-s -et ahlization. This fi l s - us - is du ped witis-

phosphorus to a sheet resistance of 50 Ii ‘0 s-uieiusured after device cons-pieties-s-i trig. I~’-h t (g l~.

Typica lly. photohithographic formation of the silicons- gates takes place after doping s- s -f t h e  poly -

crystalline silicon film.
The sou rce and drain contacts are opened next as a ms-alter of convenience, s-s-nd th is -’ ps - t e ’ nt is - s - i

barrier which is to be s-under ths-e secs-und-level als-s-ns-inus-s-u transfer gate is is-s-s-planted. This-s bar-

rier is ins-planted through thue S(02 ‘
s- Si 3 N4 IFs- ia. IV -i  t ( h~1. Tue ius-s-piaus-t is designed to provide s-u

channel ps- tential shift of 2 .3 V. To forun a dielectric s-s-n top of the first ns -eta li izs -s - t ies - uu les -ve is- the

ps-s-lysi llcon is oxidized and subsequently annealed. After this step, all contact wis-s-dows are

opened s-using a double-masking procedus-re to nuinims- uize pinh ole problenus.

Alu s-us-ins -uns - is deposited using an RF induction heated BS crucible whiichs- ress- ilts s - us - alkali-free

films with no radiation damage
t to the gate oxide. The s-uis-s-niinuns- is etched photolithographs-icaihy
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— IN() us -ui x ts - s - t ’s- ’. s - s - s - s - i l is ~its- (i’u’s- s - s -i is - u N , I’ ’ ig. IV’ - i I( i )I .  - ‘u ~~~~ I)  SiLl , I s - u ’s - c ’ s - ’  is s - t i ’ —

LX)SIts-’ci s - is s- I, 1s - s - i s i -u i vs - i t i i ) s - i  Is - s - s - c ’ s - ’, s - s - us - s - i  (I s - c ’ hs- us-us- I i u s- g  Ps- is - Is s - u i ’ s - ’  s - u I s - s - ’ t us- ’ s - I  h is -  s - i f i t s - s - s - i  Pb s - s - s - I s - c l  i t hc s - ig i ’.i~s- h i t s - ’ His - ’ hi .

Is-i us - is -u s - s - is - s - s - s - i’s’, s-i t s - i s - i i ’ — t s - i s - s - s - - s -h - s - —s t c ’ h i , ti i s - u ’i i i s - s - s - i - s - s - ’, iu s - s - s - ’ j c s - h — s - ’ hs - s - s - s - s - s - i s - s - l  (‘(‘I) s - s - ’s-~ s- ’ s- ’ s - s -  Is - s - i s  hs - s - ’ s - ’ s - u  s - I s - ’ v s - ’ i s - s - j s - c s - I

s-s-sing s-c s - s - s - u’s - s - s - tics - mi s- it’ thus-’ i t  )t,s-
t )S  js-u’os-’e’s-ius-’i’. It s- (is-is s-m i s -s - s - - s - - u s , liii’ s- ’ s - s - t c i h i s - i s i t s - s -  g s - i t c ’ chi s - ’ I s - ’i’t s - i s -  oh’

( is - i ts - t iui’ruuual Sit,) , s - s - us - s - h ( ‘V I )  Si N 1 is- i hs- s - s - ( u t ’ i c s - s - ts -s- d s - s - s s - c h’is -’st s h s - ’ h s -. s-u - is - l i  this -’ f is - ’ lc h s - s - x i s - I c ’  g s - ’ c i s - s -  us - -us- s - li —

Ss-’d lt ucs-s-tt ’., LkiG (,) gs - ’ t t s - ’ t ’ims -g h s - i s -s- ’ h s - s - u s - ’c ’s th is-i is - s - is - is - s - I wate rs his- is - i t ’ s- ’ fs -’s - iti t —~~j s - hc - ps - ’~~s-~~- s-~sj s - s -g ,  s - s - u s - i l  s- is- is

( u ’ s - s -- Is- s- — s -s - is - is - ’  gette’ritig i s - i s - e s - ’ is s-’e’ts - s-iiue s- I ums - ti l h s - s - ’ es-s--s - ’ss i- s - s - u s - s - pic ’ t iom c.  I s- s - us-  iuuup ls - utu t s - s - ts - o i s -  is is - is - Is - ‘c-s - h c x —

teus-sivs-’ ls’, w it lu  hue s -u i s - s - s - ii ls - s - t s -tS p s - s - s - s - s ius - g t huu ’os- s- giu t hus -’ s - c s - - I  i s - c ’ g s - s - t s - ’  ch ie l s - ’ s - - l s - ’ s - s -  w s - thu s - s - s - i t  s - h i ’ Ic ’ I s - ’ s - ’ i s - i i i s  s -’ i’—

Ii’s- -t i-i . ‘h’Iis - ’ h u t- s - u s - s - - s--s - s hi s - us - — I’s-ILlS i’os- us- patihuli’ giviuug h i g h h uu s - mu s - ’ I i — ( h i s - ’ is - s - s - gh s - s - s - s - i s - i  is - u s- Is - s - s - s -- h — l I s - s - h s - - — i s - s - s - c s

vs-s-Its-igi’s - c . Shallow s- s- u ’ s s - s -ms - is -- i us - s - p L s - s - t s - t s s - s - i ’ s -’ es - sc ’ s - i for s u i t s - - s - c ’ s - i t s - s - h  s - i r s - s - i s - u  i hj h ’l’s - s - s j s - t s - s .  , ‘ uh s - s - u t s - i s - s - s - s - uu s -  s - i s - ’ —

hX )sj t s -’ uh froni s - s - s - u  i t s - d im s - - t in s - u h s - s - ’ s - s - t s - ’ c i  i - Os - s - s - i ’s - c ’  s c ’ s - - Vu ’s s-is s- c sc ’s- - cu t s - s -I s - s - s - c s - I s - c  iii’ s - s - i s - s - s - t i .
I) . .1. Si lvs - ’ u ’ ss - s - s - i th u ii. h-I. Us - irks -’
II. ‘u’s- . \ IO s - s - t s - ts - s -  i ts - ‘u . I’s- I. ( ‘Is - is - s - tug

i s - ’ . :\hs- IGNI ’u1I ’N l’ 1)1- ’ I s- IQUII) ( ‘U \ S’I’ :’il 5 s- SIN(~ SV hlfis- I I(’Iit,)Ps-I I-:’I’h- ~hi
i’I-:IIR s - i s-~( ‘ h i ’ s- GIl .-\‘I’lN(’.S

S c ’ s - s -s - u ’ s - i l s - s - s c’ s - c s - - s- h is - - n ’ s Is -avis- s- Ic ’ us - s -< s - s - s t s - ’ s - i t s -s- s - h this - ut i - s - cs - t ’ h s - c c ’ s- ’~ s-s - i s - s - s - lu I s - s - c s - s - i -  i c c ’s- - t i  m i s - s - s - s - I s -’ s- m s - s - s o t s - ’ s - s - J u u s -’ c v

s -’ s - u t s - bis - s - g w itis - s - s - h i i ’ s - i s i vc ’s .~~ Is-v s- I irc’ s- ’ ts - ’s -h s- its-h is-I s - i . ’ s-’ Vti pOi ’t uti cs - s- u s- it’ ~s - h s - s -’ s - us - i  m i s - o t s - s - u x s - s - h s - ’,t ~ Os-’ Is - u s - h i l u l us - i s - g

is-u su s - u ’ t ’ac - I s - c m u t s  s- s --i l l s- s- lig s - s - s - i s - ’ s - s - s - s - s - ( i s -’ u s - u s - is - h  s - s - ’  s I s - c i s .  \Vs - - is - c ’ h i s - ’v c ’ thus - i t  i - u s - s - s - is - s - s - h i g s - s - u s - u c- ts - t  s - u s - s - i t s - s - i s -c ’S

thus -’ u~s - s - c~ es - uergs s- c s--u s - s - i s - i s - d c ’ s - I  s - s - - i l ls - e l s - s -s t is - -  s - is --I ’s - m i ’ s - us - s - s - t ies - us -  (s -h’ thus - ’  his -1 s - i u s - h s- ’ t ’ vs - - u t s - i l .  Its - h s - s - is - ’ l i i’ s - t is - i i ’. it this - ’

Los-s -g s - c xs -- s--s- of this -’ l iq s - s - ich s- - u’s ’ s Ls- I iui s- mI, ’s -’ s - s - lc ’s s - c s - ’ ,- s- c s - s - s - s - -s -I i ’ s - c s - s - s - s -s -c l Is- i t i c s -’ s - mi , s - c t ’  s - c t  s-i is - s - s - s - s - s -Il is - I t  s - s - mi g hs - ’  tim .

lbs - c ’ pi s - s - s - s - s -’  of s - s - s - - u s - s - u s - s - t h s s - s - t ’ l s - c s -’c ’ . s - is - ems -  otie s- ’X} ic ’ s - Is - -i  s- i g t ’s - s - t itug si c s - s - c - i s - u t -c - s - s - s - u t his - ut  s s - s - i s - i c  i - s - s - s - t ’ I s - i c’c ’ his- i t s - ”

s - Is - us -’,’ a ligu s - t s - u e s -s - i t  cs - I thus - s - ts - c ’ u s - s - s - s - l i s -’ s- ihi’s -’ s -’ tos - ’ a los- ig thus -’ gm’ s - s - s - s - v u ’ s- I i rs -’ c ’t iouu. I(eu ’t ’ s - ’ u s - s - s - is - s -’0 ’” h is - s - c t e s - s - i ’ I i s -’ s - ’

Ps-’0Ps-)5t’mt s-i s - I s - s - t a i l s - s -s - i  s- us -s-m s-let s -v hs - i s - -hi li’s -s-s-Is s--ue ipIs-os - ’ t ho h I s - i s  s - s - is - s - i.

s-_ ) t i I i s - I u s - c’ c ’ s - s - s -h i s - m m ’s - c t  is - s - mi s - i t s - s - i  s - ’ s - s - hs - i s - im s - g ts-’i’ hi ts - iif l is -c ’s l i t ’ s - s - s - Is - s - c-c ’ - u i i s - ’ f s - us - - s - s - s  s - u - i t h s - s- i tope s - gt ’s - s -~u hs - ,v ( Is - s - i t  us

1 s - s - s - s -ge ’ lv s- s - s- us -’ os -mt u’s-s-I Led s - s - us - s - h, thus -us, is di I’f i u’s- i It Is- i ris- P rs - s - s - Iu s -’i’ s - us -’  q s - i s - s - s - s - I. i l’s-’ i s- x s - s - s- ui s- s - .  ‘s-V s- ds-’ is - s - s - s - us - s t  c s - s - Is -’

Is-es -r i’ this -s -t liqi.iis-i c ’ t’’cs-st s- ils s- -s - its - his - ’ s - s - l i  gu s - s - s -s - I s - s - s - u g t ’ s - s - Ii s - s - g s s - vhs - s - i s is- to 1cogu’ap huy s - s s- li s - s -’s- ’ (lv s- ’s - s - s - s - t s - ’ olls- ’cI .

It is s- s- s- ig s- i ih’is- ’s - s - s - s - t this-it thus -’ s ps - s - h is - s- i ps -’ t ’ is - s - s - I s - s - I t is-e gra t is - s-gs s - s -~ c ’s - t s - u - s - c s - u l.~0 us - s - s - i, s - vhs - s - s - hi s- s-- u us - s - s - is -’ii I s - s - u ’ g s -’u’

this - in t hs - e~ is- i s - s - c ’  of this -’ s -s - inhs -’ s -’ s - t l ,s- s--s- ( i- .~ s - s - s - s - u)  bs-s - ius - g s-s - lig ties - I. ‘ u ’ uc ex p s - ’s - ’ t  thus -’  h’s-s - u ’s- ’c ’s s-s-’ Is- ii’iu I s - s - v s - i t ’  s - s - l s - g t s - —

s - s - s - s - ’ s - s - t  to is - s - s - re’ s-s-Ss -s - w i t is -  g ratis -s-gs s- s - i  h ig h s - ’  t ’ spatial hs - ’ c ’s - l u i s - ’ i s - s - ’ y .

l ’ I s - c ’ grat is- ugs - u h’s-s - n ’ t hus -’ t’o ilowis- ig c ’ x l s - e s - ’ i s - s - s - s - ’ s - s - t s - s - s -  w e t ’ s- - t s- s - s - ius - ’ is - ’ s - s - ( e ’ h in Si t) , liv s - c s -s - n h s - u ’ s - ’  i s - i ts -  c ’ t s - ’hs - i us - g

ins - (‘hhl ” ~ gas s- s- s iis - g s - c as - s - es - uk of I O O—A—t h s - i s - ’ k  s- ’ hu i ’ es - i s - s - iu s - u s - s - .  s - I ’ hue e’ hs - i ’ o uiu uts - s - iu g m ’ s - s - h i s - s - g  s - vs - s - s pi’s - s - s - Is - i s -’c ’ s - I Irs-

s- u l iftoff pros--s-’sS f s -’ os -s - u s-i g s - ’ s - s - t  i m iu ~ Is-s-its- i’ t ’ ts - s- s -X i s - s - u s e s - h  i s - s - is-M I’s-I s-\ s - s - s i ts -u (‘s - s - 1 s- 
sot’s- x — s - - s - s - s  h i t hs - ogr s - s - piuv .‘ ‘

hlo togrs-ephu is - ’ h(t hs-og n’ s-s- pls - s-s-s- us - s - s - s - s s - is - -it ’ s - h s - us - -i It s- c ’ j t s - s - t h eu ’ s - s -  —gc ’ t i s - s - t ’ s - d tious- S I t s - l u  (s - i pu ’oels -ci ’ us - ig thus -’ x — s - ’ s - c s  s - s - is - c s - s - i s,

‘I’h s-s-’ s - I s -’h s- s - hi s -ps - Is - s - s - f  os - is -’ Sit ) , gs-’ -.Ah is - ugs is - - s - s - s s-s- Is-out s-l s--i. mis - s - u .  IIi ’s- c ’ s - i t  t s - s - i’ s - s - s - s -c s - t r e u s - s - s - ’ s - s - tS  is - u s- i I t’ s - s - s - i s s - i s - s - s - - u s - u s - s - us - i

elec-tron u t t s - i s - - s - ’ o -’is- ’ us -( s - c ’  on gu’nI bugs t s - s - bs - ’ i c’ s - it , ’ cI  h s -~s- s- Is- is pu’Oc ’s -’ ss -’ s - i s - s - d i es - s - Is -- h i s - s - s - I  this -’ s - s - c s - s - h s -’w s - s - i i s  s - s - u’ s - - s - s - - i l l s - s - s - i

i , ’ s- s- I (lie’ vs - ’ rt is - ’ s -s - i, as -s - s -i this -s - i, this -’ s-’ s-s-clius cs - f etc s - ’ v s - s - t s - s -  u’ s-’ s-it ( is -es - (s - s -I s - s - its - s - i (s - s -s - ties - is - u s- ’ou’s-s-es-’ s- -s- s-ut’ lhuc s- s - s - is- Ii’s-s-s - s - i t s

i s - c ic ’s--c s s - i s - s - u i ‘-‘ s-s-is- i .  ( s -’ s - s - t is - s - gs ~~c’ i ’ s- ’ h’s-s - i s - r i c s - s - h e s - h  os-’ i’s-’ :1 1 ..~s- ’ — s-’ I .,~ 
s-,
~ s-~s - s - s - s - c u ’ s - s - i  is - mu I s - s - s - u h i ghs - Is - ’ pohisiuc ’ci

t’s-ised s- I s - s - s - u s-’ I 1. sts- Is-sts - ’ats -’s.1 ‘ I ’ hs - s -’ ts-s-s-o s s -s - bs t ra ts - s -s s - vs --i ’ s -’ s - s - uis ei s - iIuI s -’ s - I i s - i t s - i  s-u s s - s - s - s - s - Is - u i s - - h i  s-v i l l s -  “s-i) —~s- us - s - — (hus -i’k

‘l’e’(los-s- spae ’s-s-r s Is-old is-ug thus - s - us - i s - s - u s - c t - I  , s - s - S s Is- ow is- is- i I”ig. i s - — I  s-~. ‘Is - his -’ gm ’s - i l  is- igs s - s - s -- i ’ s - - s - s - us - t hus -’ s - s - i s - - s - s - s - i c -  s - s - h’

this-’ sas-s-s-twis-’h s - s - s - u s - i fat s - c ’s-I i ’ s - ic -li es -t hs -e ’r w It hs - th u s - ’  is - -  gu’oovs-’ s- Ii i ’ s - s -c  ( is - s - ms - S imn rs-s-lls-’l. ‘u h ighs - s- Is -’ gu ’es -’ s - s - u i s - s - s - i ’s - s - i  —

Is - s - I j s s - s - u is ,‘ s - s - i - s -ils - c s - h u t s - s - s - s - c u ’s - h lii fs - s - ’s--s- h t’ s-iuighulv s- ulig s -s - ius - g the’ gs -’ s - s - t iuu gs s--~o ( Is - s - s - h s- i is - e s - s - s - us -  s - s - I ligh t  s - s - us -- is - Is -s -s - it

on them is sins-uht is-neoushy dl ffi’s-s-rted froni boils- g rs- s- i m ugs tow s-s - rd s - us - i  cs-I s- se ’ i’s- c’ u’ s- h is -e s- u, i s - s - i s - ’  s - s - s - t h i s - s t  —

s - s - i c ’ s - i t S i s - s - s - Is - c ’  allgs-uns-s-’uut s- s - i t s -  is- .’ s - s - i s - s - s - h ,’ whul ls-’ obs s - ’s - ’v ls -s -g us - s - s - s - i n ’s - - is - u (e’rI’eu’ s- ’ t s - s -’s- ’ h’t ’ ituge p s - s - t ts - ’ s - ’ s - s - S is - u thus -’

cu u s - . - r I s - u I u h u i m s - g  cl I ff  r~ c ’ ts - ’ s - i  his- s- s - m s - i -- u .  
$ 

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



—‘-—‘---‘ ‘-  - - ‘ ‘ ‘
~~~~~ 

- .‘ “ ‘s- ”
~~~~~

’ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- --s-—
~
s--—---s-

~~
- r’—

~
- - -  

~~~~~~~~~~~~~~~~~~~~ 
- ,

LiQiJiD CRTSTA I

AMORPHOUS

[ __
~~ 21 

:

==iv

~ 

C1411

\
SQUARE-WAVE GRAT iN s-s-S

CROSS SECTiO N

- - - REGION A

TOP V i E W  
- 1_ _ uu s - us -] -

h” s-g. IV-l.~, A schemat ic cross section and top view are shown of the
“ ss-s-ndwich” assens-bly s-used fr i investigate surfs -s-ce- rellef structure orien-
tat i on effects in nema t ic and srnectic A l iquid crystal s.

After alignment of the grs-s-tings, the sandwich was heated above the ns-ematic-isotropic tran-
sition temperature of MBBA [N-(p-meths-uxybenzllidene)-p-butylas-illlne J and the liquid crystal
was introduced is-s-to the sandwich by capillary actios -s- , The sandwich was allowed to cool to roofs-
temperatus-re where MBI3A is nematic , and was observed In transmission in a microscope be-
tween crossed polarizers. The Incident polarized light was normal to the thin liquid-crystal
layer, and the entire sandwich could hue rotated in the plane of the layer.

s--s -n aligned liquid crystal behave’s s-c s as-u optically turs-iaxis-s-l ns-edius-s-s- with its optic s-s-xis its- lbs-c
directions- of the nematic directos-’. Whets- a linearly polarized beam of li ghs- t is normally ins-s- ides- it

s-, on a uniaxial slab of arbitrary thickness, it will u’emaius- Its-s-early polarized after passis-s-g th rough
the  medium only Ii’ the polarization Is perpes-s-s-iicular to the optic axis or parallel to (his-’ projectios-i
of the optic axis on the slab. In the area betwes -’ s-s- the two gratings, dlstins-’t peaks and is-ulls its-
the ligh t transmission were observed s-is th e saus-dwlcls- was rotated, thie nulls occurring s-’vs-’ry
9 0 .  Furthermore . the entire llquid-s-s-rysta l layer In (h’s-c grating area had a us-us-ifo rns- brigh tness,
with nulls in the light transmission os-’currls-ig sins-ultaneously s-s-c ross this-’ entire field of view.
Our interpretation Is that t he nematic director Is not perpendicular to the substrates s- s - s - s- e l th at
it Is uniformly oriented in the grating area, T he liquid-crystal lays-’u’ had a distinctly dlffereus-t
appearance In the region outside the grating area where it was confis-s-ed bctwee’s-s- two smooths-
surfaces. It did not appear uniform, and many small domains we’ r ’  visible, indlcatius-g that ths-e
direction of’ the nematic director varies randomly In this region. Thue lighut trns-isns-ission Its- the
grating area went through a null wh en this -’ incident polarization was along (is-i’ groove dlrectlos-s-.
to within the experins-ental s-’rror of our apparatus (O.~ ’). TIs-is Indicates that the projection of
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Us-c nematic director was aligned along (he groove diu’es -s - -( ion or perpendicular to it. Ins- order to

distinguishu t hs - s -’se two possibilities, s - s - c ’  s-hoped its-es - is-i 1313/’s- w ith (hue dye IX)IX1’l ( 3 , 3 ,  diet hvloxadi —

carbocyanine iodide) whichs- aligns wit h the’ nes-ns-atic director and absorbs most s(ros-s-gly light

ttuat is polarized in the ihirection of alignmcuut. In this way, we established tluat t he  nematic-

director projection was along the groove dire-cct iouu.

The angle between the nematic director and the plane of ths-e substrate was estimated by
mis-asuring the difference between times- refractive index for the ordinary wave and the extraor-

dinary wave with light normally incident on (he substrate’, is-lie es-xtras -s-rdins -s-ry index varies-s

with the angle betwecus- the incident cs-s-v and (hs-e optic axis. To make the ns-easuremetit, one of

the Teflon spacers was rens-oved, tbs-ereby introducing a known tilt between the two quartz sub-

strates. When viewed at normal incidems-ce in ns-onochroma(ic light (589 nm) between crossed

polarizers, distinct dark and light bands were visible due to the linear variation in thickness of

(he birefringent medium. The s-lark bands occur when the relative phase shift between ordirs-at’v

and extraordinary waves is as- u integral number of cycles. Knowis-s-g the tilt between the two sub-

strates, the difference is-u index of refi’action can be cah-ulated from the spacing of the bands.23

We measured an index difference of 0.4 8 ± 10 percent. Th is corresponds to a nominal tilt of

23° between (he nematic director as-us- i the substrate plane; this was the same Ins-side and outside

the grating area. For (lie tilt calculations-, we used the value of 0.225 (±0.006) for t he  birefrin-

gence of MBIl,-~ at 2~ °C, whiclu is correct if s-Is-c nemati s---isotropic transit ion temperatu re is in

the range of 41 ° to 45°C (see Ref. 23). The transition temperature is sensitive to (he purity of

the liquid crystal and typically drops slowly when MBBA is first exposed to air, with a cor-
responding decrease in the birefringence. Though we did not ns-easurc it, the transition ts-s-ruu-

perature is usually in s - Is - c ’ range of 41’ to 45°C. Furths-ern’s-ore, cots-oscopic s-’xamination of our
sample confirmed that (he nematic director was tilted at least 20° from (he substrate plane.

Surface cos-itanuination can make the nens-atic director approach (he substrate normal, and

thus degrade the orienting influence of (he grating. F’reshly made substrates as-id those cleaned

in (‘V -generated ozone24 or concentrated H2S04 exhibited good alignment, low tilt angles- , arid

consistent results. Both highly polished fused quartz and Si02 prepared by tiuermal oxida(ios-’s-
of silicon wafers showed similar results.

We also aligned the liquid crystal M24 (BDH Chemicals Ltd., 4_ cyano_4 c _octoxybiphs-enyl).

which has a smectic A as well as a nematic phase. We found that M24 in the nens-atic phase
aligned uniformly along the groove direction in the grating area, but it exhibited a slowly us - s - s - n’~ 

-

ing nematic director outside (hue grating area where it was not constrained. The effect of thus-i

grating was striking when the liqu id crystal was cooled to the smectic phase. T he liquid crystal
in the grating area appeared as a uniform uniaxial slab with the projection of its optic axis par-
allel to the groove direction; outside the grating area, a ns-ultitude of striations anti fan-s h aped
defects appeared. No striations were visible is-i the area confined betweeus- two gratings.

Based on the above results, we have constructed a novel ty pe’ of twisted nematic displas-

using grating technology. Gratings of 400-nm-thick gold lines and 320-nns- pes-rios-i s-s- s--re fabri-

cated on a 225-~tm-thick Corning 0211 glass substrate using holographic lithography and ion-

beam etc hing. The gols-.i grating lines were its-tereonnected by a continuous gold film whis-’h
surrounded the grating area. Two of these 0211 glass pieces were’ asss-s-s-s-s - Is-ts-’d into a sandwich

using Teflon spacers to maintain a gap between s-is-em. The gratings, which were inside this-’

sandwich, were oriented with their groove directious-s perpendicular to eac h other. Electr is-’aI

45
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conta ct was s- us -ads - i to cad s- gold surface. All (hue elements of a twisted nematic display are pres-
ent in this structu .-e: (11 (he gratings provide two liquid-crystal-aligning surfaces at right an-
gles to one another, (2) the gratins-gs polarize light and act as crossed polarizers , as-id ( I)  (he
grats-uugs are hs-ighly conductive at DC as-md form effective conducting parallel plates to align t h e
l iquid s-’rystats by means of an s-’1s-’rtric field. The contrast rat io of the polarizer lins-its the
perh’ormance of the display. Contrast ratios of 10:1 have beers- obtained using lie-Ne laser ligh t
(632.0 nun). Improvements should be obtained with gratings of finer spatial period.

In conclusion, we have dens-orustrated that square-wave-grating surface-relief structures
can be used to align nematic and smectic liquid crystals. Since these structures are well con-
trolled and characterized, ths-ey permit quantitative models for alignment of liquid crystals by
surfaces to be tested. Finally, surface stru ctures may find wide application in other systems
where anisotropic surface interactions are present.

D. C. Flanders
1). C, Shaver
11 . 1. Smith

N
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V. S U R F A C E - W A V E  T E C H N O L O G Y

A. FILTER WITH BANDWIDTH CONTINUOUSLY VARIABLE FROM 3 TO 100 MHz

The variable-bandwidth filter 1’2 is being developed for use with a digital signal processor.
The function of the filter is to prevent alias ing, i.e., to appropriately limit the bandwidth of an
analog signal before it is sampled at the input of a digital system which has a variable sampling

rate. The filtering is to be done around a center frequency of 600 MHz, with the bandwidth
variable from 3 to 100 MHz.

The principle of operation of the filter is shown in Fig. V-I. The filter consists of two
similar stages, each with a RAC (reflective-array-compressor) device between two mixers.
By varying the two LOs , the overlap of the two RAC passbands effectively seen by the input

can be varied.

RAC 1 A Rs- C 2 Im, -5-s -3134 -s -l

J % BAND~~SS

iNPuio___i .
~~

.__...j
~~~T}.__._1-__. .1 FILTER F—

”1-~
’
~
’-I RA C 2 

~~ 
~ Fs-LTER j—s~

.’ OUTPUT

1 SYNTHESs-ZER 1 I
LO 1 LO GENERATOR

] 
LO 2

Os - OcTAL INPUT 0

Fig. V- I. Schematic of variable-bandwidth-filter circuit. When
two LO frequencies are equal, full 100-MHz bandwidth is trans-
mitted from input to output. If one LO is shifted upward and one
downward, RAC passbands are offset with respect to each other
and passband is reduced as shown by curves at top.

For a variable-bandwidth filter to be useful, the filter bandwidth must vary over a wide
range or, equivalently, the ratio of maximum to minimum bandwidth must be large. Because
the minimum bandwidth in the filter circuit shown in Fig. V- I is predominately determined by
the steepness of skirt s of the individual filters, the performance of the system is directly
determined by the squareness or shape factor of the filters. Calculations, as well as past ex-
perience,3 indicate that the RAC devices have the required shape factor and are of reasonable
size. In addition, RAC devices can be trimmed for precise phase response.

The RAC center frequency and the two LO frequencies were chosen to minimize spurious
signals. The best choice was f0 = 420 MHz, and the ranges of frequency variation of the two
LOs were 1020 to 970 and 1020 to 1070 MHz. In this scheme, one RAC must be an up-chirp
and one a down-chirp so that the overall filter can be nondispersive. The filter could also be
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TABLE V—i

VARIABLE—BANDWIDTH—F ILTER SUBSYSTEM

Bandwidth Range 3 to 100 MHz

Passband Flatness ±1 .5 dB

Band—Edge Falloff—3 to —40 dB 3,5 MHz

Out—of—Band Rejection 63 dB

Dynamic Range 56 dB

Two—T one lntermodulation Level —40 dB

Delay

Maximum Bandwidth 23.5 ~sec

Minimum Bandwidth 7,5 ~sec

Switching Time 35 ~isec

Phase Error at Maximum Bandwidth 50  rms

- 
-

oeoi *q ,~~~ cq P~~

(

?dA/

Fig. V-2. Passband of variable-bandwidth filter at bandwidths
of 100 , 60 , 20 , and 3 MHz. For all bandwidths, insertion loss
is constant to within *1.5 dB. Vertical scale for all traces is
same, 2 dB/div. Horizontal scale is 20 MHz/div.
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operated w ith two down-chirp RACs , but then one of the LOs would have to be below 600 MHz,
e.g., variable from 130 to 180 MHz. This leads to unacceptably h igh spu r ious levels because
low-order harmonics of the 1,0 produce strong unwanted in-band signals in the mixers.

The RACs for the circuit lI-’ig. V - I  were built with minimum insertion loss (approximately
30 dH) , and the dynam ic range of the circuit was optimized using off-the-shelf components. The
indiv idual RAC devices were phase-compensated to minimize deviations from the desired qua-
dratic phase response.

The performance of the variable-bandwidth filter is summarized in Table V- I .  The pass-
band for several bandw idths is shown in Fig. V - Z , while the phase response is shown in Fig. V - 3

for three bandwidths.

I - I f T 
10 ~~~~~~~~~ 

- - - - BANDWIDTH 100MH 

-

I

-15 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~

15

- 
s-° - H BANDWIDTH r 60 MHZ ..-~ —

~~~~~~~~~~~
I BANDWIDTH

20 MHz,~ 
-

i~ I I I I I
550 510 590 610 630 650

FR EQ U E N C Y  (M H z )

Fig. V-3 .  Phase deviation from linear of variable-bandwidth filter
as a function of frequency. Both RACs were phase-compensated.

The delay through the variable-bandwidth filter is a function of the bandwidth selected, but
at each bandwidth the delay is independent of frequency, except for the small residual variation
shown by the phase measurements (Fig. V-3 ) .  With improved RAC devices currently being
bu i lt , it appears likely that the passband ripple can be reduced to *1 dI3 and the phase deviation
from ideal held to less than 2’ rms. The other characteristics (Table V - I)  meet or exceed the
desired specifications. .1. Melngailis

t
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The gap-cots-pled acoustoelectric dev ices be ing devel oped at L inco ln Laboratory 4 ~
‘ 

consist

( It  a li th it s-nt niobate (LINbO 3) delay line and a silicon strip separated by an intervening air gap.
These dev s - ccs  require air-gap heights of 0.2 to 0.6 ~sm , w hich must be uniform to ±0.0 1 ~im over

lengths up to 7 cm. The silicon is supported by an array of long narrow rails 5
’° (or a pseudo-

random pattern of posts) which are fabricated by ion-beam etching the surface of the l~iNb03
delay l ine. The silicon is held against the rail supports by an RTV pillow and a series of

spr ings
10 as shown in Fig. V - 4 .  This configuration maintains a stable air gap over a wide

temperature range 1— 2 5  to +75 C’I.
A specia lized gap-assembly procedure was deve loped for the gap-coupled acoustoelectric

devices. The four major requirements on the gap-assembly procedure are: (1) all particulate

contamination having diameters greater than several tenths of a micrometer m u s t  he removed

from the si licon and acoustic delay line; (2) the narrow (0.7- to 1.7-mm-wide) silicon strips

have to be mounted to facilitate handling and electrical connection, without sacrificing mechan-

ical flexibility; (3) the silicon must be aligned to tolerances of *25 ~sm over an acots-stic beam

path ha ving widths of 0.7 to 1.7 mm; and (4) it must be possible to test the major subassensblies

before final gap assembly. In addition, one device 10 required the placem ent and precise align-

m ent of two 3.5-cm silicon strips end-to-end.

The f i r s t  step of the assembly procedure is a thorough clean ing of the LiNbO 3 
delay line to

remove all particles which might otherwise interfere with obtaining an accurate and uniform gap.

Further assembly is performed under clean conditions in order to avoid further particulate

contamination. After cleaning, the delay line is mounted in its base (Fig. V -5) where electrical

connec t ions are made to the input matching circuitry. The delay line is then electrically tested

prior to f inal gap assembly.
The silicon strip for an acoustoelectric device is prepared by metallizing the back of a

silicon wafer and then saw cutting the wafer into strips of the desired size. Indium is evapo-

rated onto the back side of the strips in preparation for indium bonding to a flexible Napton t

sheet which contains the required patterns for connecting the silicon strip to external circuitry.

Indium is electroplated onto a metallized area of the Kapton sheet in preparation for bonding

the silicon strip to this area. When the silicon strip is properly aligned over this area, pres-

sure is applied in the presence of HC1 flux and a cold weld is formed.

After the silicon strip is bonded to the Kapton, it is accurately aligned with and fastened to
a connector plate which contains the output circuitry. The silicon surface is then carefully

c leaned, and the connector plate (see Fig. V-5)  is mounted in the assembly jig (Fig. V-6). Next,

the delay-line subassembly is inverted and mounted on the assembly jig over the connector

plate which holds the silicon-Kapton sheet. A slot in the back side of the delay-line package

allows the silicon strip to be viewed as it is maneuvered into precise alignment over the acoustic

beam path. After alignment, the connector plate is fastened to the delay-line base.
The final assembly step is the insertion of the RTV pillow, spring holder, and small springs

into the back side of the connector plate (see Fig. V-7). A spring-pressure plate is then fastened

to the connector plate to provide the proper spring compression. The device is finally sealed

with two cover plates using indium-wire gaskets.

t Registered trademark : E. I. duPont Company.
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This assens- bly proc edu ri’ act s - i  eve’s the (less-red features ci c leatil ifie’SS aces - i i - : ie v  , ease’ of
is se - s - i s - i s -  hi - and stab it its- of the’ de ’v ice structure w it h re’s ~s-ec t to St  t ess and tens-pe’ratu cc ca rinttoiis .

These features , in tu rn, help provide’ the is-ca t’ - ideal and repr xluc ible elect n eal pe’rforns-ance
desired in ico s-s -s to t’Iec Inc so nt’ace — cv av e  di’’, s- c es.

S. A. Ueib le U. I - . Slattery
II. I. Sm ith I. \l. ( s - l :it es

C. Hl-’\ I - 1  O I ’ \ t l - N T  01” AN ACOI STOEI.t- ’T RIC—Ml - \ IhSH ’c —CORRI - 1 ATOR
S t I tS\ STI- \l

-rhe’ acou stoeleetr ic niens-orv correlates- i’ s - s a surface - w a v e ’ device whic h has undergone

continuing development , and the feasibility of etsing su ch a dev ice  as -.i programmable’ matc hed
filter has been dem o ms-s trzs -ted.’1’ 11 ,1 The is - s - e n s - c ry  correlator s- ~- a  s-zap -coup led acos -s-s toe ’ lee’t cs -c
device ws - th a matri x of f ree -—stand iis -g Sc ls -ot tk v —barrier diodes es -i s - a si licon strip w hich s-s held

in clits ,’ prox ins - s - tv  I ~ O. ~iniI t I s -  the’ ses - i’ fac e of a I s-XIs - U1 SA\V delay line. T h e  I s - 1 s - e ’ s - ’a t s - o i l  of a
,is-enior\ - co rrelator s - nv es- I v t ’ s  fi t’st the storage of a ref er ence signal , and subseque’ntlv t he cross

correlation e s - f other s s- gna Is with the stored reference.

The phase’ and amp litude of a ret’erence ses- rt’ace wave las-inched into the delay line of a tv s - e ’ ns - —

s-nv correlator are recorded as a spat ialI ~- va s-’ v s - i s - g  charge pattern on the dies-de is - s -a t i’s -x by applying

a t’orwa rd—bias ‘.- cs - l t :s-ge’ ps-i lse across the cons-peis i t t ’ Si — I - s-Xi s-U st ris-ctu re for a fract ion of an UI”

eveR’ . Upon remova l of the impulse, the charge induced on the diodes Se ’ i’Ve ’S to s e l l -  r ec - es - ’s e—

ts - s - as  the diodes , and the reference signal is retained as a spatially vary i ng depth modulation of

the dep let ion lay er behind the d iodes. ‘l’he maxintil s- u s - storage is - is - s - c’ is determined h~- the d ies -dc’
leakage cci rrent.

l)uring the time that the s-’efez ’t’n& ’v pattern s- s ~~Iis-,’,’s-i . a second signal may lit’ las-inched into

the delay line, w here the t )t t ’fcs - t ’ lc’i’t i’ic t’ields of the second signal will interact with the’ spatiall y
c arving stored charge pattern of the reference signal. The resulting acens-stoe lectric voltage

induced across the memory —co rre ’ lato i’  structure is t h e ’ corre lation between the sores-nd signal

and the reference wave. The s- ic ”, s - c e’ then functions :is a program mable’ matched filter, with the

response’ determined 1w the stored ret’erence wav e ’.

The details of the basic nie’chan ica 1 ass e’s - is -h Iv and the diode chia rae’tez’is t s - c’s have been do —

- - 11 , 14 - - -scribed previousl y. In this report , we shall discuss some of the improvements that  h ave ’
been made to increase the level ci’ pert ortitance and the devel’~pment  s- s - f a ss -s- bsys tens - which in-

corporates the improved devices.

I. Mechanical Str’.icturt’

Proper operation es-f the memory correlator requires that a stable , unifes- rns- gap be main-

tained between the’ silicon and the l.iNhO 1 elc’tav line. For the devices cinder development ,

this requires a spacing of 0.3~ -sm with a uniformity es-f ±0.01 ~s i i t  over an interaction region of

t . ’s- ~ 0.17 cm. Previous devices have used a pseudorandom array of ~-~sn s- -diam posts which

are gene rated as a relief pattern by ies - n—be a ns -— etching the t iNts-U 1. Studies of ac os - s -stes -c le et r’ ie ’
devices have ~hown that the use of the posts results in sons-c additional loss in the device deie

to the scattering of the propagating acoustic waves Lw the posts . An analysis es-f this problem

has led to the use of long thin ~~~~~~ ~sni) ion-beam-etc hed rails as the support structure for the

silicon strip. A detailed analysis of the transverse modes in rail structures has been performed

and experimental studies have been macto. t e4~~~~ Indications are that the deleter ious effec ts
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caes-sed by the existence of transverse modes can be minimized by employing a stz ’uctei s- ’e ’ cs-in-
sisting of a rail .it each edge of the acoustic beans- and one in the center. This geometry
provides the optimum combination of minins -al perturbation es-f the propagating waves consistent
wit h the desired ns-echanic:ut rigidity. This stru cture is currently being used for the niens-ory-
correlator prototypes.

Another change was to inc rease the length of t Is-e l s- Nht)
3 delay line in an atte mpt te l  reduce’

t he direct electromagnetic feedthrough from the acoes-stic inpu t port to the correlator output
port. ‘l’hs-s yielded sos-ne ins-provens-ent , and it was pcs-ssib le to obtain ‘~ Q 5 — d l) isolation be ’tw e ’e’n
the Itt- ’ signal applied to the acoustic port and the electromagnetic hE-MI leakage appearing at
the correlator output. Ths- is isolation did not prove to be sufficient , and additional altes-’atie ins ,
w hich are described s-n the following section, improved this figes-re by an additional 20 dl).

~~. I iN ts -03 Delay Line

The first prototype memory correlators were assembled with delay lines having a bandwidth
of ~ 5 \ lIhz centered about 100 \ I t lz .14 To meet the reqes- ireinents of an existing systens - , new
devices were deve loped with a bandwidth of 60 ]‘41 11z centered at 150 MHz. Jn addition to an ins- -
proved transducer design, the delay lines also incorporated multi-strip cou plers to separate
the desired surface-wave signal frons- the spurious bulk waves which are also las -s -nets -ed ts-y the
transducer. This separation is only partially successful because hulk waves diffract from the
initial track into the offset track containing the silicon strip. These spes-nious signals interfere
with the surface-wave signal during both the s tor ing of the refe rence wa vefor m and the correla-
tion with the stored reference. The presence of the bulk waves rests- Its in unwanted and es-Is-pre-
dictable spurious signals at the o us - tpes - t.

To achieve an additional level of I-:- \l feedthrough suppression, the input transdeicer is
driven in a “Is-atanced ,” or push-pull mod e, as compared with the uses-al practice es-f connecting
one side of the transducer to ground. When driven in this fashion , tIs-e transducer requs-ires
matched-tuning inductors to each side and an unbalanced-to-balanced transformer to convert
the input HF signal. Though the matching is somewhat more inveilved because two inductors
nuts-st be adiusted together, proper tuning results in virtuall y comp lete cancellat ion of the E -M
feedtls-rough at the correlator output. Memory correlators using this balanced transdts-cer de-
sign have been assembled , and any reset l t ing  E- -‘ii feedthro u gh is lost in the band-limited no ise
level of the output amp lifier (~.—~~2 dUn, for input powers of es- p to -~~3 dI)nL

3. \lemorv -(‘orrelator-Subsystem l’erfortn ance

The latest prototype memory correlators have been designed to act as prograns-mable sub-
pulse compressors in a radar burst-processor. The memory-ces-rrelators must be conipatits-le
w ith the remainder of the processor which is being developed by General Electric Company
under contract to the U.S. Arns-y. Tes- facilitate the use of the memory correlator in this app li-
cation and, at the same tins-c , to provide a “stand-a lone” unit which can be easily interfaced
with other RF systems , a memory-correlator subsystem was designed and built. The hles-ck
diagram of the subsystem is shown in 1” ig. V- S. The function of the subsystem is to receive
the appropriate commands and generate the necessary chain of signals so that the memory
correlator will store an externally supp l ied HF waveform as the reference, rece ive an exter-
nally supplied HF waveform at a later time to be correlated with the stored reference , and then
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Fig. \ -~s-~ Memory eorrelator mounted cs-n thermoelectric
coolers with temperature control board.
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TABLE V — 2

PROPERT IES OF ACOUSTOELEC TRIC—MEMORY—CORRELATOR SUBSYSTEM

Achievement Goa l

Center Frequency (MHz) 150 150

Bandwidth (MHz) 60 60

RF Pulse Duration (3.isec) 5

Dynamic Range (above kTB) (dB), 50 “60
5—t~sec pulset

Amplitude Uniformity (dB) ~3 *0.5

Spurious Levels (related to output) (dB), —24 —35
5—i,s-sec puts-ct

+23-dBm stored reference .

8 i 4 14 i 1 ~
2O~ V

~~~~~~~~
1O~~ S 

-

V — 1 0 .  (‘orre lntur outpeit using 2 —~ssec , l”ig. V — I l .  Spurious signa ls pi’ c ’set it  in

~1hlz , l inear-FM waveform as stored memory e’orrelator when excited with
reference and signal. h orizontal scale is ,~-~iscc, 40-MHz , l inear-l”M ic- avv f ,s -s- ’ n i .
tOO ~ssec/d iv. Horizontal scale is 100 ~s- s e’e’ ‘d iv.

-
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The e’eir’rt ’is-t pc’r tes -rt s-s-afle-t’ I s - f  the s i i l s - s v s t c ’ t s - s -  as- id the desired g s - s - a l s  are shown s - ti t~~s - I ’ I s - - 
~

Figure’ V — t O  shows the c’ es - i ’ t - ,’ I a t s - s - c ’  e s - i i t piit when us ing  a 2 —~s ss - ’ c ’ , 4 0 — M l l i ., s - s - nw .’ igh i te ’e i  lu ie ’ t i c ’  h ‘it

cv ac ,‘ t s - s - t ’ c s - s -  eels-Ic red at 1 60 Mu z fe s-’ is - es - t h i the s t s - s - t ’  es-b refe r’et ic e’ and thu e s s- s -his e’e~iL out i i i  pill s s - ~c it s - I -

It s- ’t s - t i  Is - c ’ i-s- s- ’s- ’ts- that t h i s - ’ spuries- iis levels in tis-e users-s-cry cort’t’ha tes -r ’ t i re stilt us -es -el i h i s - g ts - e’ r th an ds - ’

sired . These’ spu r ’ s - I s - u s s’igsials are h s - r ’ s - i i s - : i r i iy caused is -v s - I s - ’ t e i- t i s - s - t i  of the su r f a ce ai- s - ’ i L s t  s - h ’ W t t h . s -

hs - v Its-c’ c ’tb s-~c ’5 es-f the si I te ’ess - strip and by ti es-ik wise Os within the interaction rig  s - i s - i s - .  ‘I bis - ’ i s - ’ ’. s- I s - s -f

t hie ’se spes- l’i es-uis signals can Is-c sc’t’n in I” s - p . V — I I - w h ich shows the s a i l s -  s- 2 -1isc’c , 40 — 111hz , t r i t e ’ s - u ’

- 
- I” ‘il w avefe s -  m u  etitt’i’ed inte the c i i c i is - ot ’ v  s - i s -  nt ’ciato r , Is- is- I w s - t h is - u t tin y stored referene’u’ . W Is-en is-

- c ’ ,’f ,’s - ’ c ’ is - e ’c s-s stored , the spis- rims-s s igun Is a cc’ inure than 20 dli t it ’tow the peak I oc’e I of the do’

sired ou tpu t signal. ‘l’hes e spes- rices-s signals s - a l e  I irs-early w ithi signal power’ .
Is- c ’ s ign niodit’icat ies-fls tes- i’eds-ie’ e’ spit rices-s levels and tes - nieet the gu ts - Is for dynanuic range on

- 
~~

- a c t s - pt  its -s -dc ’ is- ii it’ormitv ac ’ c ’ in progress and cv ill he’ repeirted :s - t a later date.

I). II. hls- ir lburt .1 . II. (‘at’ar el la
* l’ . ~te s -’ ts - H. I’. l Inke r

- hi. W hia lstons-
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I

I
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